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Despite the massive efforts that have been made to conserve plant diversity across the world during the
past few decades, it is becoming increasingly evident that our current strategies are not sufﬁciently
effective to prevent the continuing decline in biodiversity. As a recent report by the CBD indicates,
current progress and commitments are insufﬁcient to achieve the Aichi Biodiversity Targets by 2020.
Threatened species lists continue to grow while the world's governments fail to meet biodiversity
conservation goals. Clearly, we are failing in our attempts to conserve biodiversity on a sufﬁcient scale.
The reasons for this situation are complex, including scientiﬁc, technical, sociological, economic and
political factors. The conservation community is divided about how to respond. Some believe that saving
all existing biodiversity is still an achievable goal. On the other hand, there are those who believe that we
need to accept that biodiversity will inevitably continue to be lost, despite all our conservation actions
and that we must focus on what to save, why and where. It has also been suggested that we need a new
approach to conservation in the face of the challenges posed by the Anthropocene biosphere which we
now inhabit. Whatever view one holds on the above issues, it is clear that we need to review the
effectiveness of our current conservation strategies, identify the limiting factors that are preventing the
Aichi goals being met and at the same time take whatever steps are necessary to make our conservation
protocols more explicit, operational and efﬁcient so as to achieve the maximum conservation effect. This
paper addresses the key issues that underlie our failure to meet agreed targets and discusses the
necessary changes to our conservation approaches. While we can justiﬁably be proud of our many
achievements and successes in plant conservation in the past 30 years, which have helped slow the rate
of loss, unless we devise a more coherent, consistent and integrated global strategy in which both the
effectiveness and limitations of our current policies, action plans and procedures are recognized, and
reﬂect this in national strategies, and then embark on a much bolder and ambitious set of actions,
progress will be limited and plant diversity will continue to decline.
Copyright © 2017 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
‘The transformed world of 2050 will demand new strategies and
new approaches in conservation’
Redford et al. (2013)
Despite the massive investments and efforts that have been
made to conserve plant diversity across the world during the paste of Plant Diversity.
tany, Chinese Academy of Sciences.
nse (http://creativecommons.org/lifew decades, it is becoming increasingly evident that our current
strategies and actions are not sufﬁciently effective to prevent the
continuing decline in biodiversity, as recent assessments such as
the CBD's Updated Analysis of the Contribution of Targets Established
by Parties and Progress Towards the Aichi Biodiversity Targets clearly
indicate (CBD, 2016). Habitats continue to be lost or degraded,
threatened species' lists continue to grow, while the world's gov-
ernments fail to meet their commitment to achieve biodiversity
conservation goals such as the Aichi Targets and those of the Global
Strategy for Plant Conservation. Clearly, we are failing in our at-
tempts to conserve biodiversity on a sufﬁcient scale.
Our collective failure to stem the loss of biodiversity globally,
regionally, and nationally is a problem that has several dimensionsePublishing services by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This
censes/by-nc-nd/4.0/).
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communicational. It is a matter of urgency that we address this issue
because unlesswe can identify the root causes of our inability to take
the necessary effective action, biodiversitywill continue to disappear
or degrade. This paper looks at the major achievements that have
been made in conserving plant diversity in particular since the
1980's, and places them in context and then reviews the underlying
causes of the continuing loss of plant diversity today in the context of
the dramatic changes that are taking place in today's world, in a
period that is now frequently been termed the Anthropocene,1
sometimes referred to as the ‘age of man’, referring to the predom-
inant human inﬂuence on our planet which some regard as threat-
ening the planetary conditions required for human societies to
ﬂourish (Steffen et al., 2016).
Various explanations for the current state of biodiversity have
been offered. We still debate what biodiversity is and how it should
be assessed and with what metrics. Our current understanding of
biodiversity has been described by Lean and Maclaurin (2016) as a
mess e ‘a fortunate, productive, and useful mess but a mess none
the less’, a situation which they trace to ‘the lack of a guiding set of
standards from which to assess the value of proposed biodiversity
measures. Althoughmeasures are tested, the testing has often been
piecemeal across conservation biology and related disciplines
leading to conﬂicts over whether a metric has been proved’. They
propose that best justiﬁed general measure of biodiversity will be
some form of phylogenetic diversity (PD) which is now widely
advocated as playing a key role in conservation decision-making
although this has been questioned by Mazel et al. (2017) in a pa-
per entitled ‘Conserving phylogenetic diversity can be a poor
strategy for conserving functional diversity’ in which they assert
that if our goal is to maintain trait diversity, then conserving taxa
based on phylogenetic diversity will not reliably conserve at least as
much functional diversity as choosing randomly.
Some commentators would argue that our conservation actions
have failed to halt the loss of biodiversity because it lacks, in the
words David Orr (2005), ‘a deep explanation of what ails us and a
larger cosmology that resonates with the public’. Others query the
emphasis on sustainable development or even suggest that in the
way in which it is currently interpreted as attempting to satisfy the
needs of the present with those of the future, will inevitably fail
because the former will always prevail. In his book The Sustain-
ability Mirage Foster argues that unless we start focussing on the
urgency of taking action now, rather than planning for the future,
sustainable development will always be the pursuit of a mirage, the
politics of never getting there. To break free of the illusion, claims
Foster, we must break through to a new way of understanding
sustainability (Foster, 2008). Conservationists are divided about
how to respond and various alternative models for conservation
have been suggested, although mostly theoretical and with little
indication of how they may be implemented or success measured.
Some believe that saving all existing biodiversity is still an
achievable goal. The European Union Biodiversity Strategy to 2020,2
for example, has as its headline target ‘Halting the loss of biodi-
versity and the degradation of ecosystem services in the EU by
2020’.3 On the other hand, there are those who believe that we
need to accept that biodiversity loss will inevitably continue to be
lost, despite all our conservation actions and that we must focus on1 There is, however, much debate over the application of the term (Davies, 2016).
2 http://ec.europa.eu/environment/nature/biodiversity/comm2006/2020.htm.
3 The mid-term review (Report from the Commission to The European Parlia-
ment and the Council The Mid-Term Review of the Eu Biodiversity Strategy to 2020
Com/2015/0478 Final) a noted that ‘much more needs to be done on the ground to
translate the EU's policies into action’.what to save, why and where. Others, such as Bridgewater (2016),
go further and suggest that we need a new approach to conserva-
tion in the face of the challenges posed by the Anthropocene
biosphere which we now inhabit. Bridgewater queries whether Red
Listing processes for threatened species and expanding protected
areas should continue to be the key foci in the science, policy and
practice of nature conservation in the Anthropocene biosphere and
cautions against letting ecosystem services and their valuation
becoming an over-dominant paradigm.
Other responses to the continuing loss of biodiversity include:
 A growing importance attached to ecological restoration
 A shift towards achieving a better understanding of the societal
beneﬁts of ecosystem services and aiming for a new compact
between biodiversity science and decision makers, as evidenced
by the creation of the Intergovernmental Science-Policy Plat-
form on Biodiversity and Ecosystem Services (IPBES).
 A growing realization that the present system of state-run sys-
tems of protected area is not sufﬁcient and that other actors
such as private landowners, nongovernmental bodies and trusts
should play a larger role in area-based conservation
 A recognition that of the need to increase the scale of conser-
vation action and adopt a landscape-scale approach to man-
agement and restoration
 A recognition that despite its limitations, ex situ conservation
has a major role to play as part of an integrated approach in
many conservation procedures, such as species recovery and
reintroduction and ecological restoration
The notion that instead of pursuing the protection of biodiver-
sity for biodiversity's sake, an approach known as ‘The new con-
servation’ has been proposed that seeks to enhance those natural
systems that beneﬁt the widest number of people, especially the
poor. Proponents of the ‘New Conservation, Kareiva, Marvier and
Lalasz, in a celebrated article ‘Conservation in the Anthropocene’
(2012) wrote:
‘Conservation's binaries e growth or nature, prosperity or
biodiversity – have marginalized it in a world that will soon add
at least two billion more people. In the developing world, efforts
to constrain growth and protect forests from agriculture are
unfair, if not unethical, when directed at the 2.5 billion people
who live on less than two dollars a day and the one billion who
are chronically hungry. By pitting people against nature, con-
servationists actually create an atmosphere in which people see
nature as the enemy.’
Known as the ‘parks vs. people’ debate, this perspective has
generated an important, and at times heated, discussion and ex-
change of views that continues to divide the conservation and
development communities (see for example Minter and Miller,
2011 and subsequent articles in the special issue of Biodiversity
Conservation; Soule, 2013), although as Holmes et al. (2017) point
out, the debate ‘has been dominated by a few high-proﬁle in-
dividuals, and so far there has been no empirical exploration of
existing perspectives on these issues among a wider community of
conservationists’. A more optimistic vision is offered by Bennett
et al. (2016) who write that ‘Although both relatively utopian and
dystopian … scenarios of the future exist, discussions tend to be
dominated by dystopian visions of irreversible environmental
degradation and societal collapse that ultimately diminish human
quality of life. Whether or not one agrees with these character-
izations, extrapolations of current, maladaptive trends into a bleak
future run the risk of becoming self-fulﬁlling, because people base
their actions on what they believe about society and their future…’
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by incorporating current examples of good practice, innovations,
and experiments which they term ‘seeds of a good Anthropocene’
aspects of which can be used either alone, or in combination with
one another to build a better, more sustainable future.
The need for optimism is also emphasized by Balmford (2017)
who writes that it is vital ‘to inspire people rendered hopeless by
what can seem like an unending torrent of bad news, and motivate
them to purposeful action; to learn more about what works e and
hence be able to sharpen our efforts; and so that we can reinforce
rather than let drift the many gains that the conservation move-
ment is making’. While agreeing with Balmford e and indeed the
next section of this paper is devoted to outlining our major suc-
cesses and achievements e I would suggest part of the cause of our
failures is that conservation is indeed still seen by many as a
‘movement’ and not yet fully mainstreamed and integrated into our
policy structure, despite the almost universal adherence to the CBD
and other biodiversity-related treaties, as discussed below.4
Whatever view one holds on the above issues, it is clear that we
need to review the effectiveness of our current conservation stra-
tegies, identify the limiting factors and take whatever steps are
necessary to make our conservation protocols more explicit, oper-
ational and efﬁcient so as to achieve the maximum conservation
effect.
2. Plant conservation today e what have we achieved?
‘We argue that no country is currently getting plant conservation
right; plants are becoming increasingly rare around the world.
Plants are often not fully protected by policy, their conservation is
underfunded, and their importance is underappreciated’
Havens et al. (2014)
If we compare the situation of plant conservation today with the
situation some 30 or so years ago, it is clear that we have made
enormous progress. In the 1980s, plants tended to be neglected by
conservation organizations as compared with animals, and this led
IUCN andWWF to launch a Plants Conservation Programme (Synge,
1984; Hamann, 1985) with six main aims:
(1) To build public awareness to help stimulate action by pres-
sure on governments and industries, by citizen action and by
encouraging donations
(2) To build the capacity to conserve.
(3) To promote the conservation of plant genetic resources, both
in situ and ex situ.
(4) To promote the conservation of wild plants of actual or po-
tential economic importance, in particular medicinal plants.
(5) To enhance the conservation work of the 600 or so botanic
gardens around the world.
(6) To support plant conservation in selected countries.
The programme, under the guidance of a joint IUCN/WWF
advisory group chaired by Peter Raven, established the basis for a
series of effective conservation initiatives and notable achieve-
ments included the Chiang Mai International Consultation and
Declaration on medicinal plants (with WHO) and the Guidelines on
the Conservation of Medicinal Plants (WHO, IUCN, WWF, 1993), the
establishment of the IUCN Botanic Gardens Conservation Secre-
tariat (later Botanic Gardens Conservation International), the4 The United Nations Biodiversity Conference, Cancun, Mexico, 2016, had as its
theme “mainstreaming biodiversity for well-being”.Botanic Gardens Conservation Congress and the Declaration of
Gran Canaria 1995 (Bramwell et al., 1987), the Centres of Plant Di-
versity project (Davis et al., 1994, 1995, 1997), the commissioning
and publication of David Given's Principles and Practice of Plant
Conservation (1994), Conserving the Wild Relatives of Crops (with
IBPGR) (Hoyt, 1988). It also laid the groundwork for a series of
conservation programmes and initiatives, some of which are still
ongoing.
The subsequent decades, partly stimulated by the almost uni-
versal acceptance by governments of the Convention on Biological
Diversity (as discussed below), and in particular by its adoption of
the Global Strategy for Plant Conservation (GSPC),5 have seenmajor
achievements in plant conservation including the following:
e Every country now has a Protected Area system: just under 15%
of the world's terrestrial and inland waters, just over 10% of the
coastal and marine areas within national jurisdiction, and
approximately 4% of the global ocean are covered by PAs.
e Most countries have developed a programme of threatened
species assessment (Red Listing) and the IUCN Red List currently
manages some 87,967 species, including some 23,074 plant
species (out of a total of c.400,000) (see 3.2.2 below).
e Some countries have well developed endangered species legis-
lation and a conservation recovery implementation system.
e The development of botanic gardens as a major player in plant
conservation: the number of botanic gardens has increased from
c. 1400 in 1990 to some 3000 today and many of them are
engaged in conservation activities. In China, the number of
gardens has grown dramatically, from 9 in 1950 to c.200 today.
e Substantial growth in the number of genebanks and other ex situ
facilities and in the representation of wild species as seed
samples or other plant propagules stored in them.
e Numerous assessments, strategies, action plans and targets and,
global, regional and national electronic databases have been
prepared, and meetings, seminars, workshops and reviews take
place on almost a daily basis.
 A proliferation of both biodiversity databases such as GBIF,
Biodiversity Observation Network (GEOeBON), SDG Knowledge
Hub, The Digital Observatory for Protected Areas (DOPA), and
plant diversity databases and information systems and the
production of e-Floras as consequence of dramatic improve-
ments in computing capacity and software.
e A recognition of the importance of agricultural biodiversity and
in particular the role of crop wild relatives.
e The production of a vast literature on plant conservation and
conservation biology.
e A growing recognition of the need to control the risks to plant
diversity caused by biological invasions and the role played by
some plant species in such invasions.
e A recognition of the linkages between plant diversity, nutrition
and health.
e The transformation of ethnobotany and ethnopharmacology
from largely descriptive to evidence-based approaches.
e A recognition of the importance of plant diversity in urban and
peri-urban habitats.
e The development of new, more inclusive models of protected
area management, including community-based approaches to
plant conservation and a growing recognition that community
participation is essential for the attainment of the economic,
political, social and environmental objectives that underpin
conservation.5 Initially published in 2002 and reformulated in 2010 (Sharrock, 2012).
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and services provided by plant diversity.
e The growth of the science, technology and politics of trans-
location and restoration biology and in particular the role of
plants.
e The development of new approaches to plants conservation that
bridge the gap between ex situ and in situ (Volis, 2016a,b)
e The development of an ethical regime to regulate the exploita-
tion of plant diversity, in particular the adoption by the CBD of
the Nagoya Protocol.
It would be wrong, however to interpret this array of achieve-
ments and developments as an indication that we are making
adequate progress in addressing the loss of plant diversity. We are
in fact failing to meet the targets set by the CBD, as reported in the
detailed analysis of Progress towards the Aichi Biodiversity Targets
for the period 2011e2020 (Leadley et al., 2014), the mid-term
analysis of progress on the Aichi targets (Tittensor et al., 2014),
and the CBD's Updated Analysis of the Contribution of Targets
Established by Parties and Progress Towards the Aichi Biodiversity
Targets (CBD, 2016). The latter analysis states that while the Parties
have made efforts to adopt national targets in line with the Con-
vention's Aichi Biodiversity Targets and have taken national action
in support of the Targets, current progress and commitments are
insufﬁcient to achieve the Targets by 2020. A review of National
Biodiversity Action Plans (NBSAPs) submitted by countries to assess
whether national targets are in line with the Aichi targets; and
information contained in Parties' ﬁfth National Reports to assess
progress towards achieving the Aichi Targets, ﬁnds that:
 101 Parties (out of 196) have submitted their initial or revised
NBSAPs;
 on average, less than 20% of national targets are commensurate
with or more ambitious than the respective Aichi Targets;
 the majority of targets were less ambitious or did not address all
aspects of the respective Aichi Targets;
 andmany Parties have set targets that are more general than the
Aichi Targets, often addressing several Aichi Targets with a
single national target.
Analysis of National Reports reveals that:
 the majority of Parties have made progress towards the Aichi
Targets, but progress is insufﬁcient to meet the Targets by the
2020 deadline; and
 between 63% and 87% of Parties are not on track to meet a given
Aichi Target.
Speciﬁcally for plants, an analysis of progress in meeting the
goals of the revised Global Strategy for Plant Conservation
(Sharrock et al., 2014) makes equally sobering reading.
Hardly a week passes without the publication of some new
reports, detailing some particular aspect of the loss plant of di-
versity or habitat; and the messages they convey is little different
from what was being said some 30e40 years ago, except that the
cumulative amount of plant diversity loss continues to grow and6 Indeed, as I write this, a joint Pontiﬁcal Academy of Sciences and the Pontiﬁcal
Academy of Social Sciences workshop on ‘Biological Extinction’ is being held in
Rome e http://www.acistampa.com/story/ridurre-le-disuguaglianze-per-evitare-
lestinzione-biologica-5545#.WLgiIAyxAD8.twitter and amongst its conclusions
were that 'based on comparisons with the fossil record,… the current rate of loss of
species is approximately 1000 times the historical rate, with perhaps a quarter of all
species in danger of extinction now and as many as half of themmay be gone by the
end of the present century’.the trajectory has scarcely altered.6 Evidently, the conservation of
plants still does not generate the sense of urgency as that of ani-
mals (Corlett, 2016) but the apparent neglect or lack of support
(Balding and Williams, 2016) is more complex as is discussed
below (see also the analysis of current plant conservation by
Havens et al. (2014)).
3. Key issues that need to be addressed
A diagnosis of both the proximate and underlying factors that
have limited our progress in addressing plant conservation and our
failure to meet the targets that have been agreed under the CBD or
other treaties or mechanisms reveals a variety of issues. Some of
these have to do with the global socio-economic context, some
with the context of global change, some with the perception of the
importance of plant life, and some are technical, scientiﬁc conser-
vation issues. These are discussed below after a scrutiny of the role
of the Convention on Biological Diversity.
3.1. The convention on biological diversity e hard law with a soft
centre?
Since its implementation some 33 years ago, the Convention on
Biological Diversity has established itself as the pivotal interna-
tional instrument covering the conservation and sustainable
development of the diversity of plants and animals and has been
ratiﬁed by most countries in the world (196 are parties to the
Convention as at March 2017). It marked a turning point in political
awareness of the issues of biodiversity conservation and sustain-
able use in that the Parties entered into a binding commitment to
undertake the provisions of the Convention and subsequent de-
cisions agreed by the Conference of the Parties. The Convention
recognized for the ﬁrst time in international law that the conser-
vation of biological diversity is ‘a common concern of humankind’
but decisively rejected the notion that biological diversity was a
‘common heritage of humankind’ and it is enshrined in the treaty
that countries retain sovereignty over their own biodiversity and
control access to their genetic resources. It follows therefore that
countries are responsible for the inventory, monitoring and con-
servation of and access to their native biodiversity but as the text of
the Convention makes clear for each of the relevant Articles
requiring conservation or sustainable use actions, only ‘as far as
possible and as appropriate’ (Hagerman and Pelai, 2016), a proviso
that has had serious consequences as discussed later.
It is legitimate to question how effective the CBD has been in
achieving its main goals as a legal instrument of global governance
(Harrop and Pritchard, 2011). It was originally envisaged as a ‘hard
law’ instrument (Abbott and Snidal, 2000) with the potential to
enforce implementation through legally binding protocols. In
practice, it has relied largely on the obligation of the Parties to
submit National reports and prepare Biodiversity Strategies and
Action Plans as a means of implementation but only two protocols
have been negotiated e Cartagena (biosafety) and Nagoya (access
to genetic resources). It has effectively adopted a ‘soft law’
approach, as in the case of its recent focus on global biodiversity
targets which are not backed up by obligations on the Parties to
take action. Most articles of the CBD, say Harrop and Pritchard
(2011) ‘contain provisions which are expressed in imprecise lan-
guage or over-qualiﬁed terms which enable member states to
implement these provisions in virtually any manner they wish,
whether challenging or not’. As Bille et al. (2010a) note ‘It is widely
recognised that the main weakness of international environmental
law is the lack of general non-compliance procedures’. This has also
been a key factor in the failure to achieve conservations targets as
discussed below.
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considerable ﬂexibility about how its provisions are to be imple-
mented. Most articles of the CBD are ‘beleaguered by vague com-
mitments, ambiguous phrases, and escape clauses that permit
avoidance of obligations’ (Glowka et al., 1994; Harrop and
Pritchard, 2011) that can be summarized in the CBD's own words
as ‘as far as possible and as appropriate’.
Later in 2000, the CBD then adopted a targets approach by
deciding to develop a Strategic Plan aimed at more effective and
coherent implementation, followed by a commitment called the
2010 Biodiversity Target and then after its failure tomeetmost of its
goals, agreed the 2020 Aichi Targets. The 20 Aichi Biodiversity
Targets are organized so as to help achieve the goals of the Strategic
Plan. Given the need to take unique national situations into ac-
count, the Parties to the Convention agreed to set their own targets
to meet strategic goals by 2012 with the consequence that the 20
Aichi Biodiversity Targets are considered more aspirational than
binding. In the event, many countries failed to set national targets
in a way that would lead to the achievement of the Aichi global
targets and some of the targets were omitted altogether from their
Strategic Plan, even by countries such as Canada with well devel-
oped and resourced conservation programmes (MacKinnon et al.,
2015).
While the political will for implementation of the provisions of
the CBD may exist in many if not most of the signatory countries,
biodiversity conservation has of course to compete for resources
with many other equally if not more demanding priorities such as
health, education, industrial development and so on. This has led
some commentators (e.g. Laikre et al., 2008) to express their
concern about the undue politicization of the instruments of the
Convention, notably the SBSTTA where some delegations comprise
largely politicians and professional negotiators, rather than scien-
tists, to ensure that trade and economic growth are not jeopardized
by the decisions of the Convention. As a result, adequate resources
may not be made available for effective implementation of many of
the provisions of the Convention. These considerations apply to all
countries, not just those in the developing world, although the
latter may have much more justiﬁcation than more developed
countries for failing to meet their commitments, such as their lack
of resources, infrastructure and the disproportionate burden of
biodiversity that many of them are forced to deal with. It is difﬁcult
to disagree with Harrop and Pritchard's (2011) assessment that
biodiversity conservation still does not rank very high on the in-
ternational policy or regulatory agenda of global diplomacy.7 The situation is complicated by the fact that plants may be interpreted widely,
so as to include ﬂowering plants (Magnoliophyta), gymnosperms (Coniferophyta,
Cycadophyta, Gnetophyta and Ginkgphyta), ferns and allies, mosses and allies
(Bryophyta) and plant algae, or in a more restricted way to cover essentially
ﬂowering plants and ferns. This makes comparisons of estimates difﬁcult.3.2. The data gap
‘Few experts like or bother to write terra incognita on their maps.
Yet, disclosing the limits to our knowledge is often among the most
useful of acts’
Jesse H. Ausubel (2008)
Plant conservation still suffers from a lack of baseline data. At all
levels and all scales our knowledge of plant diversity remains very
limited, in terms of its identity, distribution, ecology, demography,
dynamics, function, social or economic value. For most species,
there are serious gaps in our knowledge of taxonomy, distribution,
ecology, population biology and demography, threat analysis and
conservation status (Havens et al., 2014). Without such data, we
cannot generate the information and build the knowledge and map
and model it to allow us to meet our biodiversity goals and targets.
Knowing what we don't know is also important to place our
achievements in context.When the data have been acquired, they have to be stored in
some form of information system and numerous plant databases,
online portals, and information systems have been developed at
local, national, regional and international levels. Various ‘knowl-
edge products’ (assessments of authoritative information sup-
ported by standards, governance, quality control, data, tools, and
capacity building mechanisms) that support plant conservation
have been developed but these require considerable ﬁnance for
their support and maintenance (see Juffe-Bignoli et al. (2016) for
estimates of the costs and funding sources for developing the IUCN
Red List of Threatened Species, Protected Planet, and the World
Database of Key Biodiversity Areas, all of them secondary data sets,
built on primary data collected by extensive networks of expert
contributors worldwide). The rise of big data and cloud technology
and the increasing use of crowd sourcing afford exciting new po-
tential for conservation and sustainable use of plant diversity but
also presents us with considerable challenges such as devising
appropriate structured decision-making tools that enable us to
make sense of such complex data sets.
A greatly neglected area in plant conservation is monitoring,
both short term and long-term. Although monitoring has been
described as a centrepiece of nature conservation across the globe,
in practice, many monitoring programmes lack a sound ecological
basis, are poorly designed, do not lead to management in-
terventions or responses and are often disconnected from decision-
making (Heywood, 2011). Monitoring is often given low priority
because it can be difﬁcult and expensive to implement and moni-
toring programmes are often inadequately funded and inade-
quately implemented. Yet monitoring is an area where citizen
scientists can and are making important contributions and this
should be strongly supported by the plant conservation
community.3.2.1. How many species?
It is remarkable that there is still no agreement on how many
species of plants7 there are, both those known to science and those
yet to be described. For most of the last century the number of
known ﬂowering plants was commonly cited as 250,000 although
the basis for this estimate was never given. In 1994, Heywood and
Davis (1994) observed that the cumulative total number of endemic
species estimated to occur in the 15 regional surveys covering the
world, prepared in consultationwith local specialists, in their IUCN/
WWF Centres of Plant Diversity, project (Davis et al., 1994, 1995,
1997) was 230,900 which is not far short of the 250,000 ﬁgure. If
allowance is then made for those species that occur in two or more
regions, in more than one continent or are even more widespread,
the inescapable conclusion was that ‘the total number of ﬂowering
plants and fern species must be at least of the order of
300,000e350,000’. Subsequently, a series of estimates was pub-
lished in the ﬁrst decade of the 21st century, ranging from 223,000
(Scotland and Wortley, 2003) to 422,127 (Govaerts, 2001) species,
based on different methodologies and extrapolations (see discus-
sion in Chapman (2009) and Pimm and Joppa (2015)).
Another basis for an estimate is The Plant List (www.
theplantlist.org), a collaboration between the Royal Botanic Gar-
dens, Kew and Missouri Botanical Garden, to compile a working list
of all known plant species that aims to be comprehensive for spe-
cies of Vascular plant (ﬂowering plants, conifers, ferns and their
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(1.1, September 2013) lists 350,699 accepted names (33%), 470,624
synonyms (44.2%) and 242,712 (22.8%) unresolved names. As Pimm
and Joppa (2015) point out, given that the accepted names were
38%8 of those resolved, it would be reasonable to assume that the
same percentage of unresolved names would eventually be
accepted, thus adding some c.100,000 species to the accepted total
of 288,900. If, however, the ﬁgures in the current version 1.1 are
used (as explained in footnote 2), the percentage would be 42.6% of
242,712 unresolved species giving 103,365 and when added to the
350,699 accepted species gives a total of c.473,000 species. Even
though the detailed content of The Plant List has been widely
criticized and is not continually updated online, it is a species by
species view and so has a more credible and testable basis than the
other estimates and so one could conclude that, allowing for dif-
ferences in taxonomic interpretation, the total number of known
and accepted plus likely-to-be-accepted plant species is of the or-
der of 470,000 ± 10%.
On the other hand, the report published by RBG Kew, State of the
World's Plants 2016 (https://stateoftheworldsplants.com/report/
sotwp_2016.pdf) estimates that there are 391,000 vascular plants
and 369,000 ﬂowering plants known to science. These estimates
are derived from amodiﬁed version of the methodology devised by
Paton et al. (2008) based on the observation that there is a strong
linear relationship in the World Checklist of Selected Plant families
(WCSP, http://apps.kew.org/wcsp/) between the number of species
recognised in a particular plant family and the number of plant
names which have been used for these species currently found in
The International Plant Names Index (IPNI, http://www.ipni.org).
What conclusions can then be drawn from these various ini-
tiatives? Of course, a deﬁnitive list will never be possible because
differing taxonomic opinions, the continual process of taxonomic
revision and reassessment and the gradual addition of species
discovered that are new to science whose validity will then have to
be assessed over time. The best we can aspire to is a comprehensive
consensual list of plants and until this is completed, i.e. all the
synonymy resolved and a critical review made of the list of
accepted species to reach a consensus,9 what we can say is that in
light of all the available evidence, the best estimate is that there are
400,000 vascular plant species ±10%. This is a remarkable increase
on the 250,000 species previously accepted for so many decades.
The increase in the number of recognized species of plants has a
direct implication for various strategies and conservation targets
that have adopted lower baselines, notably the IUCN Red List which
currently estimates the total number described plant species as
310,442, mainly based on Chapman (2009). Accepting the 400,000
ﬁgure has some interesting consequences: it does not of course
change the number of recorded threatened species but does reduce
the percentage that have been assessed so that recent progress
towards the target will be reversed (from 7% to 5.45%). On the other
hand, it does increases the total number of species which are
potentially candidates for various kinds of conservation action.8 Although their paper was published in 2015, Pimm and Joppa quote the ﬁgures
given in the Plant List as at May 2013 whereas they were substantially changed in
version 1.1 in September 2013.
9 The issue of achieving consensus in taxonomy is highly controversial Stevens
(1990). I have suggested using ‘standard names’ in conservation to overcome the
problems of synonymy (Heywood, 1994) and such a system was adopted in Europe
by the Member States of the Council of Europe, whereby the names given in Flora
Europaea would be used as Standard Named for European conservation databases
and lists, notably the species listed in Appendix 1 of the Bern Convention. The
automatic standardisation of plant names using The Plant List as a basis has been
proposed by Cayuela et al. (2012).Although species richness (the number of species) is the most
frequently and widely applied measure of biodiversity, which
would justify our concern to establish how many plant species
known to science (or more accurately accepted by current taxo-
nomic opinion), it is important to remember that there is still no
universal agreement on how to deﬁne a species. The actual named
species we handle in biodiversity studies are comparable only by
designation not in terms of their degree of evolutionary, genetic,
ecological or phenetic differentiation and there is no agreement
between the different practitioners on how to develop a coherent
theory of systematics at the species level. In addition, species
concepts differ from group to group and there are often national or
regional differences in the way in which the species category is
deployed which make comparisons difﬁcult. The implications of
the use of diverse species concepts in setting conservation priorities
based on species numbers are generally overlooked or even ignored
and the reluctance of conservation biologists and planners to
engage with these issues, as highlighted by Rojas (1992), continues
today.3.2.2. How many plant species are threatened?
Estimating the number or percentage of species ‘threatened
with extinction’ is a topic that has become almost an obsessionwith
conservationists over the past 50 or so years. As Wilcove (2010)
notes, for many people around the world, the conservation of en-
dangered species is synonymous with the conservation of biodi-
versity and they are ‘amongst the most visible and easily
understood symbols of the ongoing loss of biodiversity’. The pub-
lished estimates of threatened species not only range widely, from
10 to 60% (Kew, 2016) but tend to lump together species which
range from being only slightly threatened to those that are critically
endangered and whose demise is imminent.
As noted above, the IUCN Red List provides a global overview,
albeit limited in value because of the poor level of sampling of most
groups e with about 5.5% of plant species assessed. What is more
important for practical conservation is that countries take steps to
ensure that the status of their own ﬂora, and in particular the
species that are country endemics, is much better known and the
threats to them identiﬁed so that they can plan and undertake on-
the-ground conservation and management. This is especially true
of tropical countries with very speciose ﬂoras. The Sampled Red List
Index for Plants,10 a global analysis of extinction risk for the world's
plants, conducted by the Royal Botanic Gardens, Kew together with
the Natural History Museum, London and IUCN, indicates that one
in ﬁve of the world's plant species are threatened with extinction
and the same ﬁgure is repeated in the ﬁrst ‘State of the World's
Plants 2016’, compiled by the Royal Botanic Gardens Kew (Kew,
2016).
Does it matter that we cannot put a precise ﬁgure on the actual
or potential number of global plant extinctions? The conservation
community is well aware of the seriousness of the situation and
more precise ﬁgures would have few practical consequences.
Likewise, most governments are more concerned with what is
happening in their own country than with the global picture. Also,
the message that we are losing species at an unprecedented rate
has been conveyed effectively to the public, although somewhat
weakened by the array of different predictions that has been made,
but there is little evidence that there is any particular threshold at
which the public would be galvanized into action or indeed of what
any effective action might be, other than to lobby governments for
more investment in conservation but probably not at the expense10 http://threatenedplants.myspecies.info/.
12 An estimate by McCarthy et al. (2012) gives the cost of reducing the extinction
risk of all globally threatened (Red List) bird species as ‘U.S. $0.875 to $1.23 billion
annually over the next decade, of which 12% is currently funded’. By incorporating
threatened nonavian species the total increases to U.S. $ 3.41 to $4.76 billion
annually and protecting and effectively managing all terrestrial sites of global avian
conservation signiﬁcance (11,731 Important Bird Areas) would, they estimate, cost
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headline ‘Biologists think 50% of species will be facing extinction by
the end of the century’ coming from the recent (March 2017)
Vatican workshop on Biological Extinction11 appears to have had
little impact, probably because similar dystopian statements are
issued at regular intervals but with no readily identiﬁable
consequences.
In any event, when the likely consequences of accelerated
global, and in particular climate, change are added to the equation,
it is clear that a majority of species are at risk to a greater or lesser
extent, and attempts to assign a precise ﬁgure are of academic in-
terest but of little practical value, except at local level.
3.3. The effectiveness of global biodiversity governance
‘Many of the Aichi Biodiversity Targets cannot be met without the
right institutional structures, capacity and governance in place -
irrespective of the availability of resources. Therefore, in assessing
resource needs it must be stressed that resource mobilisation
should be accompanied by the development of appropriate ca-
pacity (including institutional and infrastructural arrangements)
supported by political coherence across governments and national
institutions’.
High-Level Panel on Global Assessment of Resources for imple-
menting the Strategic Plan for Biodiversity 2011e2020 CBD (2012)
It is altogether remarkable that while the notion of biodiversity
conservation has been widely endorsed both nationally and inter-
nationally, little attention has been paid to the basic question of
whether we had the necessary institutions and trained specialist
staff to implement the articles of the Convention and the subse-
quent decisions of the Conference of the Parties. It became the
responsibility of everyone and no-one. Protected Area systems
were one conspicuous exception but for other areas, such as ex situ
conservation, no attempt was made to put in place the necessary
global institutional structure. This contrasts with the situation for
agriculture and forestry which when faced with the widespread
erosion of genetic diversity in crops, a gene bank system and
appropriate protocols for the collection, storage and access to seed
was developed by organizations such as the FAO, CGIAR and IBPGR
(now Bioversity International) and a number of national and
regional gene banks were also created. For ex situ conservation of
wild species, no serious efforts were made to address the issue of
capacity and it was left to botanic gardens to attempt to take on the
role of ex situ conservation of plants although inmost cases without
the necessary staff, support or ﬁnance (Heywood, 2009). Spain was
one of the few countries e in fact a pioneere to recognize this need
and the environment agencies of some autonomous governments
helped to create or support seed banks in some botanic gardens or
other centres. Even more critical is the situation for the conserva-
tion of target species in situ for which no dedicated institutional
arrangements have been put in placewith the consequence that the
relevant 2020 targets are unlikely to be met.
In fact, the failure to put in place appropriate institutional ar-
rangements to achieve its goals has been one of the most curious
aspects of the CBD. In effect, a new discipline, biological diversity,
was created but little thought was given to how the obligations of
the CBD were to be implemented, which institutions would do the
work, how much it would cost and who would pay. While no
funding mechanism was established by the CBD, the Global11 http://www.acistampa.com/story/ridurre-le-disuguaglianze-per-evitare-
lestinzione-biologica-5545#.WLgiIAyxAD8.twitterMarch2017.Environmental Facility (GEF) took on the major role of helping
developing countries in funding some biodiversity actions: as at
2015 it had invested $4.2 billion to conserve and sustainably use
global biodiversity and this investment has leveraged over $12
billion in additional funds. It is the largest funding mechanism for
protected areas (PAs) worldwide and has invested in over 3300
Protected Areas (GEF, 2015).
25 years after the CBD came into force, the report of the High-
Level Panel on Global Assessment of Resources for implementing
the Strategic Plan for Biodiversity 2011e2020 notes, ‘Many of the
Aichi Biodiversity Targets cannot be met without the right insti-
tutional structures, capacity and governance in place e irrespective
of the availability of resources. Therefore, in assessing resource
needs it must be stressed that resource mobilisation should be
accompanied by the development of appropriate capacity
(including institutional and infrastructural arrangements) sup-
ported by political coherence across governments and national
institutions’ (CBD High-Level Panel, 2012). The Report estimates
that the resources needed to implement the twenty Aichi Biodi-
versity Targets at between US $150 billion and US $440 billion per
year and gives details broken down by each Aichi target.12 A Second
Report published in 2015 (CBD High-Level Panel., 2014) reiterates
that barriers to meeting the Targets may have as much to do with a
lack of the appropriate institutional frameworks and decision-
making processes, as with a lack of resources and notes that the
2012 estimates are broadly consistent with current assessments at
the national, regional and global levels and for some targets
probably underestimates.3.4. Too many strategies, goals and targets?
One of themost remarkable features of the past 30e40 years has
been the proliferation of reviews, assessments, strategies and ac-
tion plans published by UN agencies, by IGOs, by the various
environmental conventions and treaties, by NGOs and private
bodies. Aside from the phenomenal cost of producing these docu-
ments, many of which are beautifully printed and illustrated, it is
not entirely clear in many cases who the audience is, and what
steps are taken to ensure that they reach it. The tragedy is that
many of them gather dust on the shelves e both in the store room
unsold and undistributed, and in one's ofﬁces unread e and their
very existence is known to only a few. My experience of teaching
advanced courses on biodiversity to international groups of biodi-
versity ofﬁcials and practitioners over many years has revealed just
how little of this vast literature is known by those at whommuch of
it is presumably aimed. One of the consequences is that valuable
research is overlooked and this in turn may lead to expensive
duplication of effort. It would appear that cost-effectiveness is not a
prime consideration. With some exceptions, the process by which
of these various documents come across one's desk is largely
serendipitous.
Information overload is now a characteristic of all ﬁelds of
research and learning but is particularly concerning in the ﬁeld ofU.S. $ 65.1 billion annually. If sites for other taxa are added, the total increases to
U.S. $ 76.1 billion annually. To achieve these targets, they say, would require con-
servation funding to increase by at least an order of magnitude. While substantial
additional funds have subsequently been pledged, they still fall far short of what is
needed.
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increasing in complexity and interconnectedness. It now embraces
not only the science and practice of conservation assessment,
practice andmonitoring, themselves transformed bymolecular and
bioinformatic developments, but the sociological, economic, legal
and social context. It is difﬁcult enough to keep abreast with de-
velopments in one's own specialist ﬁeld and our limited ability to
read and digest no more than a fraction of these assessments and
reports forces us to rely more and more on digests of information
which may often allow us little more than a superﬁcial under-
standing of the issues involved.
The need to specialize has also led to the development of a series
of epistemic communities on particular topics, with sometimes
competing agendas and conﬂicting perspectives, which develop
interconnections within their ﬁeld but not with other epistemic
groups. There is a risk, that some such epistemic groups may exert
undue inﬂuence on policy makers and stiﬂe dissent and thereby
give purvey a false sense of agreement where none exists. As
Thompson et al. (2008) observes with reference to biodiversity
assessments, ‘It is… a valid criticism that the scientists and others
participating in each iteration of these assessments have become
increasingly self-selected in a manner that overstates consensus
and downplays dissent’.
One has to ask if we are not beginning to suffer from ‘assessment
fatigue’, not from the those who are involved in preparing them but
the recipients and donors. Nonetheless, the recently created
Intergovernmental Platform on Biodiversity and Ecosystem Ser-
vices (IPBES), which has interpreted the concept of biodiversity
assessment in such away that it does not just synthesize and report
the evidence but also evaluates the different options for action by
policy makers, has initiated a new series of assessments. An
example is that on Pollinators, Pollination and Food Production
(IPBES, 2016), which has been described as already providing the
basis for informed policymaking at the international level, as well
as at the national level.13
3.5. Lack of clarity in formulating conservation targets and ways to
measure their fulﬁlment
The adoption of targets in biodiversity governance and conser-
vation has grown considerably in recent years and they nowoccupy
a central role in the implementation of the CBD and its strategies
such as the Strategic Plan for Biodiversity 2011e2020 (including the
Aichi goals) and the Global Strategy for Plant Conservation and also
in the 2030 Agenda for Sustainable Development. One of the bases
of systematic conservation planning is that it is based on explicit
goals which are capable of being translated into quantitative,
operational targets (Faith et al., 2001).
Until recently, little attention has been paid to the effectiveness
of targets in achieving their goals or indeed on whether the targets
are appropriate and insufﬁcient effort has been paid to the
formulation, design and purpose of targets (Pressey et al., 2003;
Heywood, 2006a,b; Perrings et al., 2010; Bridgewater, 2011;
Maxwell et al., 2015). As a result, many of targets are virtually
meaningless, non-operational or unachievable: as Bridgewater
(2011) puts it ‘Examining the approaches taken by conventions
dealing with biological diversity with respect to targets, we ﬁnd a
terminological soup, where targets, goals, objectives and strategies
are oftenmixed in the same paragraphs, and sometimes even in the
same sentence!’ and in a critique of the formulation of CBD's Aichi
targets, Butchart et al. (2016) suggest that the complexity and lack
of clarity in the wording of the targets presents challenge for those13 https://www.cbd.int/doc/speech/2017/sp-2017-03-06-ipbes-en.pdf.implementing actions to achieve them and also makes it difﬁcult to
stimulate and quantify progress. They argue that the Aichi Targets
would be more effective if they were simpler and less ambiguous:
‘The magnitude of required commitments under some targets
is rendered ambiguous by the use of imprecise terms (e.g.,
“substantially”), while many targets contain poorly deﬁned
operational terms (e.g., “essential services”). Seventy percent
of targets lack quantiﬁable elements, meaning that there is no
clear binary or numeric threshold to be met in order for the
target to be achieved. Most targets are excessively complex,
containing up to seven different elements, while one-third of
them contain redundancies. In combination, these four issues
make it difﬁcult to operationalize the targets and to ensure
consistent interpretation by signatories. For future policy
commitments, we recommend the adoption of a smaller
number of more focused headline targets (alongside subsidiary
targets) that are speciﬁc, quantiﬁed, simple, succinct, and
unambiguous’.
Criticism has also been made of the actual numerical values
proposed for some of the targets, notably the Aichi target 11 which
calls for the protection of 17% of terrestrial and inland water eco-
systems through “effectively and equitably managed” systems of
protected areas by 2020. This target has no scientiﬁc basis (Butchart
et al., 2015; Wilson, 2016; Dinerstein et al., 2017) and has already
been bypassed by the 2014 IUCN World Parks Congress which
decided that the total area of protected areas and connectivity lands
needs to be far higher than currently agreed targets. Dinerstein
et al. (2017) have proposed ‘An ecoregion-based approach to pro-
tecting half the terrestrial realm’ which aims to sets out the sci-
entiﬁc rationale behind the recent advocacy for the concept ‘Nature
Needs Half’, notably byWilson (2016). To achieve this, they propose
a ‘Global Deal for Natureda companion to the Paris Climate Deald
to promote increased habitat protection and restoration, national-
and ecoregion-scale conservation strategies, and the empower-
ment of indigenous peoples to protect their sovereign lands. The
goal of such an accord would be to protect half the terrestrial realm
by 2050 to halt the extinction crisis while sustaining human live-
lihoods’. However, Wiersma et al. (2017) contest the basis of this
rationale and comment that it is ‘unreasonable to suggest that
highly variable data and general statements such as “about half”
can be codiﬁed as a single, scientiﬁcally based target’ and go so far
as to say ‘the suggestion that there is a scientiﬁc basis for what the
authors admit is an “aspirational goal” is irresponsible’. On the
other hand, Pollock et al. (2017), with reference to birds and
mammals, propose that a slight expansion of protected areas could
remedy the large gaps that exist in the coverage for each facet of
diversity: ‘just an additional 5% of the land has the potential to
more than triple the protected range of species or phylogenetic or
functional units’.
Although it is unlikely, if all the Aichi and GSPC targets were to
be met on time, it would represent a major and very welcome
achievement but we would still continue to lose signiﬁcant
amounts of biodiversity because of the various loopholes and de-
ﬁciencies that have been pointed out.
Various proposals have been made regarding the criteria to be
adopted in target setting:
 Great care should be taken to ensure that the targets are clear
and unambiguous, bearing in mind the difﬁculties of deﬁning
biodiversity in a precise and measurable manner. If the goals are
ambiguous or susceptible to different interpretations, there is a
serious risk of debate as to whether in due course they have
been met or not (Di Marco et al., 2016).
14 Note that clause 8 (d) is not restricted to threatened species and would appear
to apply to all known species.
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and there should be sufﬁcient information about them to allow
the baseline status of the target to be properly determined and
meaningful goals set.
 There should also be a reasonable expectation of the goals being
met, although equally they should not be set at such a level so as
not to represent a challenge. For example, referring to conser-
vation of land types, Pressey et al. (2003) state that it is a basic
requirement of targets that they ‘should not be constrained or
revised downward to accommodate perceived limitations on
the feasible extent of conservation areas’. They consider the
notion of ‘achievability’ to be counterproductive at the stage of
formulation of targets although it can be usefully applied at later
stages in the process.
 On the other hand, unless adequate information is available and
the nature and implications of the targets have been well
thought through, there is a risk of setting targets that are
unachievable at all or within an acceptable time-frame.
 Not only should the targets be thought through but themeans of
delivery taken into account.
 A distinction needs to be drawn between global and national/
local targets in this regard: a global target may appear
reasonable or even modest when seen in the abstract but
represent an unacceptable burden at the individual country
level.
 Unless targets are effectively monitored, it will be impossible to
know if targets are feasible nor what progress is being made to
halt the decline in biodiversity (EASAC, 2005).
In general, the experience of governments in setting targets to
measure policy achievements in ﬁelds other than biodiversity is a
very mixed one, with many targets having to be abandoned as
unworkable or, worse, leading to data being distorted so as to make
the targets achievable. Targets have also been criticized on various
grounds, including:
 Lack of clarity in formulating the targets and ways to track
progress and measure their fulﬁlment
 Failure to make an assessment of the capacity needs for
implementing the individual targets (institutional capacity,
personnel etc.) and make provision for the mobilization of the
necessary resources (CBD, 2012)
 Failure to put in place an appropriate institutional structure to
oversee the implementation of the individual targets (Bille et al.,
2010a,b)
 Lack any legal requirements regarding implementation (Harrop
and Pritchard, 2011)
 The lack of methodology formeasuring andmonitoring progress
in meeting targets (Paton and Lughadha, 2011).
 Lack of coordination between targets in conservation planning,
especially between area-based and species-based actions.
 Limited attention paid to coordination of targets across agree-
ments and agencies (Perrings et al., 2010)
 Most global biodiversity conservation targets have not been
costed (Heywood, 2006a,b, 2013)
 Failure to fully appreciate the implications of setting global
targets and implementing them nationally.
 Failure to recognize that numerical indicators on their own are
insufﬁcient to measure how far targets are being met.15 As noted elsewhere (Heywood, 2015). It seems as though the CBD cannot quite
make its mind up where species recovery ﬁts in. ‘A charitable interpretation would
be that the CBD recognizes that species recovery may involve ex situ as well as in
situ measures. On the other hand, it should be noted that the focus of species re-
covery and similar actions such as population reinforcement is essentially on
species populations in the wild (in situ) and with ex situ, if involved at all, acting as a
source of material not as a conservation measure’.3.6. Lack of coordination between targets in conservation planning
One of the causes for the failure to meet conservation targets is
a marked lack of coordination in the setting, formulation andimplementation of those that are closely interconnected and a
failure to take into account the potential synergies and trade-offs
between targets (Butchart et al., 2016). This is especially true of
targets relating to area-based and species-based actions as I have
reviewed in depth elsewhere (Heywood, 2015). There I have
argued that the failure to harmonize the Aichi and GSPC targets,
together with the ambiguities in their formulation, have been an
important factor in the poor progress in achieving effective in situ
conservation of plant species and the strong likelihood that the
targets will be missed substantially by 2020. Due to the scattered
information sources, it is difﬁcult to estimate the global number of
species for which targeted in situ conservation action, such as
management, recovery, and monitoring, has been undertaken or
planned but is probably of the order of 1500e2000. This repre-
sents only a small percentage of the species known to be threat-
ened, let alone those whose conservation status has not yet been
assessed. Moreover, the number of species for which conservation
or recovery plans have been actually implemented is smaller; and
an even smaller number has been completed and shown to be
successful (Heywood, 2015). What is even more disturbing and
challenging is the fact that very little action has been undertaken
in the megadiverse countries in the tropics to undertake species
conservation or recovery. In a survey of in situ species conserva-
tion, Heywood and Dulloo (2006) noted how difﬁcult it had
proved to ﬁnd examples of in situ conservation or recovery pro-
grammes, actions or plans for species in tropical countries in the
developing world. Over ten years later, a few more examples can
be cited, but there is little evidence that the situation has changed
appreciably, although more inventory and survey work has been
reported.
One of the reasons for this neglect of targeted in situ species
conservation in the tropics is the excessive reliance on protected
areas alone for the conservation of plant diversity, as discussed
below. Another reason is the lack of trained conservation biologists
and practitioners in these countries, perhaps in part because con-
servation biology and nature conservation cannot compete with
molecular biology and bioinformatics in attracting students. Much
of the literature published on conservation biology tends to pay lip
service to the need for the in situ or ex situ conservation but fails to
address the issues in a practical way.
The origin of this confusion around these conservation targets
lies in the original CBD articles that address the conservation of
species and their habitats (Articles 8 and 9). It is amply clear that
for the CBD, the establishment of a protected area system is pri-
mary and a great deal of attention has been paid to implementing
this policy in subsequent decisions of the CBD, while ex situ con-
servation occupies a secondary and supporting role, although, as
noted above, the importance of ex situ approaches is now being
recognized. The conservation of species and their populations in
situ is included in Article 8(d) ‘Promote the protection of ecosys-
tems, natural habitats and themaintenance of viable populations of
species in natural surroundings’14 [my emphasis] and both Articles
8 and 9, somewhat confusingly, contain clauses referring to spe-
cies recovery.15 Subsequently, in situ conservation and recovery of
species, both for plants and animals, have largely slipped through
16 The membership of the Royal Horticultural Society is around 450,000. Plant life
International has 11,000 members and supporters. Bird Life International has more
than 10 million members and supporters.
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(Heywood, 2010). It may be that the procedures involved in in situ
species conservation and recovery are either poorly appreciated or
alternatively are regarded as too onerous for them to be widely
implemented by the Parties although there are some notable ex-
ceptions such as Australia, New Zealand, Canada, USA and many
European countries.
Targets that address the conservation of ecosystems and species,
are included in the CBD's revised Global Strategy for Plant Con-
servation: Target 4 (ecosystem conservation), Target 5 (protecting
important areas for plant diversity), Target 6 (conservation within
production areas) and Targets 7 and 8 (species-level conservation)
(Sharrock et al., 2014). For species-level conservation, the key tar-
gets are: Target 7: ‘At least 75% of known threatened plant species
conserved in situ’ and GSPC Target 8: ‘At least 75% of threatened
plant species in ex situ collections, preferably in the country of
origin, and at least 20% available for recovery and restoration pro-
grammes’. The technical rationale for Target 7 (in situ conservation)
is given as: ‘“Conserved in situ’ is understood to mean that bio-
logically viable populations of these species occur in at least one
protected area or the species is effectively managed outside the
protected area network, through other in situ management
measures” (CBD, 2012). Such a rationale is non-operational: either
the species occurs in a protected area or it does not. There is no
action that can be taken that will alter this, other than to extend an
existing area or create a new one that contains the target species,
but that is the concern of Targets 4 and 5 of the GSPC, which of
course reinforces the point that these targets need to be considered
alongside Targets 7 and 8.
But surely, how many threatened species occur in protected
areas is the wrong focus. The aim should not to be to increase the
number of threatened species that are found in protected areas (to
75% or whatever number one choses), but to reduce it by effective
conservation in protected areas and of course elsewhere in the
wild. As it stands, the GSPC target will be met if, by 2020, 75% of
threatened species are represented by a biologically viable popu-
lation in at least one protected area which of course is a nonsense if
the species are still threatened. If, however, the understanding is
that simply presence of a biologically viable population of a
threatened species in a protected area means that the species is no
longer threatened, then that is equally naïve. The aim of in situ
conservation of target species is to remove the threats that cause
them to be endangered. If a species in a protected area is threat-
ened, and the area is properly protected, then action needs to be
taken to eliminate or contain the factors that threaten the species
other than loss of habitat.
An increasing amount of effort is now being invested in resto-
ration biology and greater attention should be paid to exploring the
possibility and effectiveness of integrating restoration ecology with
the conservation of threatened species. Coordination at the con-
ceptual, practical and agency levels should be improved. Good ex-
amples of linkages between reintroduction and landscape
restoration are now available, such as the Plant Extinction Pre-
vention Program in Hawai،i, a consortium of over 60 public and
private land management agencies and landowners with a com-
mon goal to protect islands' rarest and endangered plant species. A
remarkable case study is the collaborative reintroduction efforts
with the endangered Ka،u silversword (Argyroxiphium kauense) and
Pele lobeliad (Clermontia peleana) in Hawai،i Volcanoes National
Park. For both species, the reintroduction programme, which has
involved rediscovery, rescue of remnant founders, assisted
dispersal, ex situ cultivation and propagation, managed breeding
and outplanting, have been linked to large scale landscape resto-
ration in the Park and in adjacent State and private lands
(Robichaux et al., 2017).3.7. Plant blindness
‘…most people in developed nations tend to see plants as merely a
green, blurry backdrop for the animals and human-made objects
that populate their visual ﬁeld.’
Wandersee and Clary (2006)
‘Plant conservation initiatives lag behind and receive considerably
less funding than animal conservation projects’.
Balding and Williams (2016)
It is somewhat paradoxical that the widespread enthusiasm in
many cultures for gardens and gardening, parks and other urban
plantings such as street trees and plant displays and more recently
green roofs and living walls, together with the aesthetic apprecia-
tion of ﬂowers in art, literature and society, and in the home as cut
ﬂowers and potted plants, is not reﬂected in a public appreciation
of the role and importance of plants in the natural
environment.16 The tendency among humans neither to notice nor
value plants in the environment nor their vital role in the economy
has been termed ‘plant blindness’ (Balding and Williams, 2016).
Journalists often have difﬁculty inwriting about plants and in using
the correct terminology about them e like the public they tend to
call plants ‘ﬂowers’ e while even natural history ﬁlms and videos
gloss over plants which are regarded as background and seldom
name them, while attention is commonly focused on animal spe-
cies. The underlying reasons for this have been well discussed and
will not be pursued here.
How to address plant blindness is a major challenge. Certainly,
botanists need to be much more proactive in challenging, in all
forums, the under-investment or under-representation of botanical
science. Many botanic gardens have well developed educational
and outreach programmes that highlight the importance of plants
and the need for their conservation although only a small per-
centage of the population has the opportunity to proﬁt from such
initiatives. Also, the distribution of botanic gardens is heavily
skewed in favour of the less biodiversity rich countries. The con-
spicuous absence of any posters, leaﬂets or other information
explaining the role of plants in the vast number of public parks
around the world is a great missed opportunity. A hands-on
approach to the problem is likely to be effective. For example, we
should build on community involvement in urban greening and
sustainable living movements through urban allotments, commu-
nity gardens and similar initiatives (Iaquinta and Drescher, 2010;
Heywood, 2017). There are some remarkably innovative ap-
proaches, involving community participation such as the ‘Incred-
ible Edible Bristol’ community food growing movement which
includes over 30 edible gardens in parks, street corners and station
platforms that have been built and planted with volunteers and
partners (http://ediblebristol.org.uk/).
A related issue is the widespread decline of botany as a separate
discipline and the closure of botany departments and institutes
across the world, despite the growing recognition, at least in some
quarters, of the need for training and research in plant science as to
support developments in agriculture and horticulture, to meet the
challenge of growing sufﬁcient food to feed a rapidly expanding
population in a period of climate change. A similar fate has not,
however, befallen zoology which continues to ﬂourish and attract
students.
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it has contributed to underinvestment in plant conservation ac-
tivities compared with animal conservation. In general, plant con-
servation initiatives lag behind and receive considerably less
funding than animal conservation projects. For example, in the
United States, while most federal listed endangered species (57%)
are plants in 2011, they received less than four percent of federal
endangered species expenditure (Havens et al., 2014). Plants fare
poorly in the conservation literature where many journals focus
largely on papers on animal groups. In terms of taxonomic groups,
our knowledge of biodiversity is very selective and a dispropor-
tionate amount of research is undertaken on some animal groups.
As a consequence, many of the conservation models, protocols,
procedures and assessments are based on experience of animals,
notably mammals and birds, and do not necessarily apply to plants.
A related issue is that public concern in environmental issues
including global warming, the loss of species and air pollution
appears to be declining and, according to a Globescan international
poll released at the end of February 201317 (Globescan, 2013), has
dropped to its lowest level in two decades' ‘Evidence of environ-
mental damage is stronger than ever, but our data shows that
economic crisis and a lack of political leadership mean that the
public are starting to tune out’.18
As I have noted elsewhere (Heywood, 2013), although the public
has not fully comprehended the issues or implications of biodi-
versity loss, it has seized upon climate change as it is something
with which people can empathize and to some degree experience
at ﬁrst hand. For climate change the messages seem fairly clear and
comprehensible to the public, even if grossly oversimpliﬁed e in
some parts of the world it is going to get hotter or wetter, the
permafrost will melt, the sea levels will rise, etc. as a result of in-
creases in greenhouse gases and carbon emissions, largely caused
by human activities. On the other hand, the take-home messages
for biodiversity are so diverse e habitat loss or fragmentation, Red
Lists and loss of species, genetic erosion, spread of alien invasive
organisms, loss of ecosystem function, valuation of ecosystem
services, access to genetic resources and the fair and equitable
sharing of beneﬁts, the ecosystem approach, overexploitation of
resources, impacts of expansion of tourism, loss of cultural diversity
including traditional knowledge and languages, reducing emissions
from deforestation and forest degradation and the role of conser-
vation, sustainable management of forests and enhancement of
forest carbon stocks in developing countries (REDDþ) and so on.
Even the terminology can be off-putting: while Climate Change
Panel (IPCC) is understandable, the choice of name of the Inter-
governmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) for the recently established intergov-
ernmental biodiversity body is not the most felicitous.
3.8. The signiﬁcant deﬁcit of conservation and funding of
biodiversity-rich countries
One of the biggest challenges facing biodiversity conservation is
also one of the most obvious: biodiversity-rich countries continue
to face high biodiversity loss rates, despite the recognition of their
key importance and the very substantial allocation of conservation
funding and support they have received over the past few decades.
However, inadequate funding levels continue to be recognized as17 The ﬁndings are drawn from the GlobeScan Radar annual tracking poll of citi-
zens across 22 countries. A total of 22,812 people were interviewed face-to-face or
by telephone during the second half of 2012. Twelve of these countries have been
regularly polled on environmental issues since 1992.
18 In December 2016 GlobeScan's tracking shows that the American public now
believes more than ever that climate change is a ‘very serious’ problem.one of the main impediments to effective global biodiversity con-
servation (Waldron et al., 2013). For many developing countries,
overseas aid is and will continue to be the main source of biodi-
versity conservation funding so there is an urgent need for sub-
stantial increase in biodiversity-linked aid as well as the
mobilisation of ﬁnancial resources from domestic and other
sources.
Inadequate funding interacts with a number of other factors
which exacerbate the situation, such as poor governance, lack of
adequate infrastructure and management, as well as political and
policy considerations which also play a considerable role (Eklund
et al., 2011). A recent study (McClanahan and Rankin, 2016) of
conservation spending showed that greater biodiversity occurs in
the tropics where cultures tended to spend relatively less on con-
servation and tended to have higher collectivism, formalized and
hierarchical leadership, and weaker governance. And in a detailed
analysis of State governance of protected areas in sub-Saharan Af-
rica, Wicander (2015) shows how governments there ‘heavily rely
on international donor support, which can ﬂuctuate and may be
linked to certain sectors or projects that have no relation to PAs.
Many states also struggle with internal corruption and a general
lack of ﬁnancial transparency, which can mean that the political
willingness to create mechanisms of accountability might be low.
Furthermore, government processes are often slow and heavily
bureaucratic, which makes them very costly and involves high
overheads’.
Another related factor is the relative lack of participation by
local conservationists in biodiversity-rich countries in research
activities. An analysis of publishing trends has shown that
comparatively less research is undertaken in the most biodiverse
countries and that often the research that is undertaken there is
not led by in-country researchers and biodiversity rich countries
are under-represented in the peer-reviewed literature (Wilson
et al., 2016). This may be partly explained by the large number
of conservation projects funded by international agencies and
NGOs who engage expatriate staff to organize and often lead the
work when suitable local staff cannot be identiﬁed for this pur-
pose, and expatriate staff may be more accustomed to publishing
in international peer-reviewed journals. On the other hand, re-
sults published in local journals or other publications tend not to
be widely read outside the country and do not get picked up by
science citation indexes. A related issue is the pressure on con-
servation biologists in universities and other scientiﬁc institutions
to publish in scientiﬁc journals with high Impact Factors, given
that scientiﬁc ‘success’ and career progression are largely deter-
mined by this criterion. In developing countries, this presents
researchers with a dilemma: publishing their results in interna-
tional journals with in a low Impact is an unattractive proposition
because they will receive little recompense for the substantial
efforts required in preparing a manuscript according to interna-
tional standards, while their chances are poor of having papers
containing conservation case studies being accepted by journals
with high impact factors, which tend to be dominated by an elite
minority of authors, ‘generally with high-level English language
skills and predominantly working in North America, Europe and
some of the English-speaking countries of the Southern Hemi-
sphere (Milner-Gulland et al., 2010). As a consequence, the results
of many conservation projects are published in local journals, with
the drawbacks noted above, or remain unpublished. Given that the
success of conservation actions is often largely determined by
interactive learning through the exchange of information by
conservation practitioners. A detailed and more nuanced view of
the causes and consequences of such inequities in terms of the
publication of ecological science is given by Livingston et al.
(2016).
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countries are less likely to participate in international meetings
and forums. Those organizing international meetings need to be
more proactive in inviting the participation of developing world
scientists, not just through ﬁnancial assistance but by providing
mentoring in the preparation of presentations and papers for
publication. Many of us do provide such assistance informally but it
should be much more widely available than at present. Scrutiny of
the National Biodiversity Action Plans (NBSAPs) and the Fifth Na-
tional Reports submitted by countries19 to the CBD to assess
progress towards meeting the Aichi targets reveals the difﬁculties
faced by many of these countries in meeting their obligations.
Although the situation is an improving one, notably so in some
countries such as China (Huang, 2011), the trajectory is such that
many of the 2020 conservation targets will be unattainable bymost
biodiversity-rich countries and, as a consequence, the global targets
will again be missed (Krupnick, 2013). For example, there is an
almost complete lack of recovery measures for species or habitats
in most tropical countries: in Brazil, for example, with a ﬂora of
some 46,000 species, only one ofﬁcial recovery plan (for a tree
species) has been published (Martins et al. 2015) and a similar
situation is found in Mexico: with a ﬂora of 23,314 species, 50% of
which are endemic, only two of the 16 projects for the recovery of
priority species are for plants (as at 2012).20 In Nigeria, despite
having various institutions (botanic gardens, arboreta, genebanks)
that focus on the conservation of genetic resources, little has been
done to conserve the rich plant diversity ex situ (Borokini, 2013),
while many of its protected areas are not adequately managed, a
situation that is found in other sub-Saharan African countries
(Wicander, 2015) and in other biodiverse countries.
It should be emphasised that lack of funding is not the sole
factor in restricting conservation actions in developing countries.
Even when resources are available, they are often invested in ac-
tivities that have little direct impact on conservation. For example,
the protection afforded bymany protected areas is compromised by
the lack of adequatemanagement plans or implementation of them
when they do exist, and by failure to prevent detrimental activities
by local communities (Liu et al., 2001; Qian et al., 2017). Ex situ
collections in genebanks and botanic gardens are often of limited
value because of the lack of a focused accessions policy, failure to
follow established sampling and storage protocols; and many ac-
tion plans for target species are either poorly prepared or are not
implemented.
Of course, such failings are also widespread in the developed
world but the growing tendency today in biodiversity-rich coun-
tries to allocate a disproportionate amount of conservation funding
into more fashionable techniques such as genetic studies and
phylogenetic analyses, without full regard to their relevance or
value to practical conservation in particular cases, is short-sighted.
When this is done at the expense of the population demographic
and eco-geographical studies needed to provide a proper under-
standing of the conservation needs of threatened species, expen-
sive resources may bewasted.While genetic analysis plays a critical
role in many conservation operations such as recovery and rein-
troduction, it should form part of a comprehensive conservation
strategy. Funding agencies should consider if their guidelines are
sufﬁciently explicit and appropriate to achieve the best conserva-
tion outcomes. Recognition of the problem of inadequate levels of19 More correctly, those of such countries that have actually submitted reports.
20 Conabio, Conanp, INE, DGVS-SEMARNAT y Profepa. Propuesta de lista de
especies prioritarias para la conservacion en Mexico. Mexico. 2012. Available at:
http://www.biodiversidad.gob.mx/especies/pdf/EspeciesPrioritarias/
PropuestaEspPrioritarias_ago2012_VerAct_Sept2013.pdf.funding and support for biodiversity-rich countries and poor tar-
geting of resources has not so far led to proposals for a compre-
hensive action plan to address this issue. Part of the problem lies in
the lack of detailed information on the current situation and a
realistic assessment, country by country, of what is needed to
achieve the key biodiversity conservation targets, together with a
cost estimate. This has been partly addressed by Waldron et al.
(2013) who assembled a global database of annual conservation
spending21 and then developed a statistical model that allowed
them to identify countries where funding is robustly below ex-
pected levels. They list the 40 most highly underfunded countries
for biodiversity conservation which, surprisingly includes Finland,
France, Australia and Austria and omitted others that one might
have expected on the basis of other evidence to be included. This
may be partly explained by the fact that they used mammalian
diversity as their surrogate for levels of threatened global biodi-
versity and this may not be sufﬁciently effective for other groups
such as plants. Also, given the relative underfunding of plant con-
servation, already discussed above, their conclusion that ‘very
modest increases in international assistance would achieve a large
improvement in the relative adequacy of global conservation
ﬁnance’ would probably not apply to plant conservation.
It would be reasonable to conclude that until a detailed audit of
the conservation needs and the ﬁnancial costs of meeting them for
all groups in all biodiversity-rich countries is undertaken and ac-
tion agreed and implemented under the CBD, the signiﬁcant deﬁcit
will persist with the inevitable consequence of continuing failure to
meet the United Nations biodiversity targets. Moreover, even if the
ﬁnancial deﬁcit were to be met, mobilizing the necessary infra-
structure and trained personnel would be a major challenge.
4. Speciﬁc conservation issues that need to be addressed
In addition to the factors discussed above, several of the un-
derlying causes of plant diversity loss are due to the poorly
conceived or technically inadequate conservation actions. During
the past 50 years, enormous advances have been made in devel-
oping conservation protocols, guidelines, methodologies, and codes
of good practice. But while some sectors such as the management
of Protected Areas, management of invasive species, ex situ con-
servation, and reintroduction biology have beneﬁtted greatly from
this work, others still need considerable attention. Some of these
are discussed by other papers in this issue. Here the role of pro-
tected areas in the conservation of plant diversity and other area-
based conservation measures will be addressed.
4.1. Excessive reliance on protected areas alone for the conservation
of plant diversity
It is generally accepted that systems of protected areas are the
underpinning of our efforts to conserve biodiversity, both nation-
ally and globally. However, despite the substantial increase in
protected area coverage in recent years, they still provide an
inadequate representation of the ecoregions and areas considered
critical for biodiversity, many of them lack management plans or
suffer from inadequate management, lack comprehensive biodi-
versity inventories and fail to undertake proper threat assessments
of key biodiversity such as target species and the necessary actions
to contain or eliminate these threats. In addition, they are subject to21 They collated ‘country-level conservation funding ﬂows from multiple sources
including government, donors, trust funds, and self-funding via user payments, and
then calculated average annualized spending 2001e2008 (in constant 2005 US
dollars)’.
V.H. Heywood / Plant Diversity 39 (2017) 314e330326the vagaries of political commitment and control, corruption,
downgrading, downsizing and degazettement (PADDD22) (Mascia
et al., 2014; Mascia and Pailler, 2011; Pack et al., 2016 23). And of
course, protected areas themselves are subject to a diversity of
threats which have to be combatted if biodiversity in them is to
persist. Thewidespread andmassive deforestation that is occurring
in the tropics also affects protected areas. For example, a study by
Leisher et al. (2013) based on six years of remote sensing data,
estimated land and forest degradation inside 1788 protected areas
across 19 countries in Latin America, and showed that ‘from 2004 to
2009, the rate of land and forest degradation increased by 250%
inside the protected areas, and the land and forest degradation
totalled 1,097,618 ha. Of the protected areas in our dataset, 45% had
land and forest degradation’.
It is common belief that protected areas are more effective in
protecting habitats than non-protected areas although this has
been called into question. For example, Clark et al. (2013) show that
in South Asia (Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan
and Sri Lanka), a major centre of population and economic growth,
‘the trajectory of habitat conversion rates inside protected areas is
indistinguishable from that on unprotected lands, and habitat
conversion rates do not decline following gazettement of a pro-
tected area’. Another example isWolong National Nature Reserve in
China, established to protect the giant pandas, where the rate of
loss of high-quality habitat after the reserve establishment was
much higher than before the reserve was created and was even
higher than outside the reserve (Liu et al., 2001). As Clark et al.
(2013) conclude, ‘…protection is not an automatic consequence of
protected area gazettement’ let alone effective conservation.
There is also a general assumption that protected areas aremore
effective in maintaining biodiversity than non-protected areas,
partly based on the belief that habitat loss is often the main threat
to species and this has been one of the main justiﬁcations for
expanding the protected area estate and the large investment in
such areas, both nationally and globally. The belief that protected
areas preserve biodiversity has in turn led to the assumption that
conservation of target species can be achieved if they occur in a
protected area, although as has been frequently stressed (Possiel
et al., 1995; Maxted et al., 1997, 2008; Heywood, 2005, 2015;
Heywood and Dulloo, 2006; Hunter and Heywood, 2011; Havens
et al., 2014), the presence of a species in a protected area is no
guarantee of its effective long-term conservation, especially if it is
threatened. As Dopson et al. (1999) note, ‘Securing legal land pro-
tection in itself does not help conserve and recover the plants in
question, but is often the ﬁrst step required to conserve and restore
plant populations by immediately limiting the number of potential
threats’. The widespread failure to distinguish between presence
and persistence of species in a protected area and between pro-
tection and conservation is a key factor in the continuing loss of
biodiversity from such areas (Heywood, 2015). As Donaldson et al.
(2017) note, ‘Whether or not conservation managers are directly
focussing on single or multiple species, recognition of the dynamic
responses of populations and metapopulations to environmental
change calls for the siting of reserves to support the persistence of
species rather than simply the representation of as many as
possible…’22 Protected area downgrading, downsizing, and degazettement.
23 In a study of PADDD in Brazil, Pack et al. (2016) identiﬁed ‘67 enacted PADDD
events, which affected 112,477 km2 and eliminated 6% of Brazil's total potential
terrestrial PA estate. Hydropower (39%) and rural human settlements (20%) were
associated with most of these enacted PADDD events, which have increased in
frequency since 2005. Another 27 active PADDD proposals currently threaten to
eliminate 60,555 km2 of protected lands’.It is remarkable how few detailed assessments of the effec-
tiveness of PAs in terms of conservation of biodiversity in general
or of species persistence or population size in particular have been
made. As Barnes et al. (2016) comment, ‘wildlife abundance
changes in PAs are patchily documented and poorly understood’.
The evidence from those analyses that have been made is often
equivocal (Barnes et al., 2014; Crofts, 2014; Geldmann et al., 2013;
Mora and Sale, 2011), with some even suggesting that presence of
species' populations in PAs confers no advantage over those
outside.24 Most of these analyses have tracked mainly animal
groups: in that by Geldmann et al. (2013), of the 42 studies eval-
uating PA effectiveness for habitat extent that met their re-
quirements for analysis, none was speciﬁcally on plants, most of
them referring to mammals or birds. A study, using a new global
biodiversity database with ‘unprecedented geographic and taxo-
nomic coverage’, found that globally, species richness is 10.6%
higher and abundance 14.5% higher in samples taken inside pro-
tected areas compared with those taken outside but suggested
that ‘protection does not consistently beneﬁt species with small
ranges or increase the variety of ecological niches’ (Gray et al.,
2016). Another report (Milligan et al., 2014), on the conservation
status of PAs, speciﬁcally the outcomes for biodiversity and the
status and trends of species living within protected landscapes
(although again only for certain animals groups), detailed the
status and trends of wildlife populations within protected areas
globally, assembling population trends for 4326 populations of
1654 species, and showed that of 130 monitored countries, 39%
have declining populations within protected areas. As they note,
previous research has assessed such conservation outcomes for
protected areas based on how they represent different aspects of
biodiversity (Rodrigues et al., 2004), and how they affect habitat
cover and/or species populations (Geldmann et al., 2013) and
species composition (Barnes et al., 2014). Another way to assess
the impact of protected areas for species globally is to use indices
of population abundance change over time, such as the Living
Planet Index (LPI) which is the main statistic from the Living
Planet Report (WWF, 2016) as a proxy for the effectiveness of PAs
to conserve biodiversity and present a continuous measure that
can be tracked over time. The report shows that the ‘establish-
ment of PAs should protect against some threats to the pop-
ulations within them. Populations of species that are recorded as
threatened (at the population level) are declining even inside PAs
with an average decline of 12%. Populations of species with no
recorded threats increase up until 2009 (154% increase) after
which there is a sharp decline resulting in an average increase
since 1970 of 124%. The remaining populations (classiﬁed as un-
known) have experienced overall a 61% increase’.
The evidence for the effectiveness of protected areas in ensuring
the persistence of species remains sparse and the ability of the
current protected areas system to stem the current loss of biodi-
versity has been called into question by Mora and Sale (2011) who
call for a radical rethink by the conservation community of the
strategies needed to meet this challenge.
The fact that species management and protected areas represent
different constituencies in both ecology and biodiversity conser-
vation (Maxted et al. 2008; Heywood, 2015) is partly responsible
for the lack of coordination between the two approaches. Moreover,
in most countries, the management of national parks and protected24 In a study of the effectiveness of the current reserve network at protecting
species at risk in Canada, Deguise and Kerr (2006) concluded that ‘Existing reserve
networks rarely performed better than randomly selected areas and several
included fewer endangered species than expected by chance, particularly in the
most biologically imperiled regions’.
V.H. Heywood / Plant Diversity 39 (2017) 314e330 327areas is the responsibility of different ministries or agencies from
those charged with ex situ and in situ conservation and species
recovery.
Given that the conservation in situ and recovery of threatened
species can be a very costly and labour-intensive process, requiring
considerable human and ﬁnancial resources (Heywood, 2015),
many would argue that such an approach is not possible because of
the sheer numbers involved and would instead advocate a habitat/
ecosystem-based conservation approach which allows a large
number of species to be given some form of protection at the same
time. While this might well become the default position, I have
not seen it argued that the CBD mandate which speciﬁcally em-
braces a species-based approach should be changed. As we have
seen, providing some degree of protection for threatened species in
protected areas is a poor substitute for adequate conservation ac-
tion aimed at their long-term persistence through themanagement
or elimination of the threatening processes but given the lack of
resources, some passive protection provided by protected areas is
better than none. There is, however, ‘an increasing tendency today
to shift the focus away from species and to view biodiversity con-
servation and sustainable use through the lens of the ecosystem,
with an emphasis on maintaining the healthy functioning of the
system and its capacity to produce ecosystem goods and services’
(Heywood, 2015). However, as McNeely and Mainka (2009) point
out:
‘Paradigms of ecosystem services, pro-poor conservation and
rights-based approaches to conservation are taking centre stage
but these approaches all call for continued attention to the
fundamental role that species play in underpinning those par-
adigms. In the brave new world of conservation, species ap-
proaches remain core business. We must continue to pursue all
of the tools in the species conservation toolbox, from develop-
ment and implementation of species action plans to re-
introduction, ex situ management and more’.
Despite their shortcomings, protected areas, in addition to the
other roles they occupy, will continue to be a critical component of
biodiversity conservatione in maintaining the integrity and quality
of habitats and species diversity. But ensuring that they provide
beneﬁts for the conservation of threatened species is likely to
require ongoing investments in the containment, abatement or
removal of pervasive threats and continual monitoring of their
effectiveness (Heywood, 2015; Milligan et al. 2015). The challenge
for governments is whether they are prepared to make such in-
vestments and focus them on actual needs.
4.2. Role and effectiveness of other area-based conservation
measures (OEABCMs)
While the global protected area estate has grown considerably
over the past few decades and, as have seen offers some degree of
protection to the species diversity it houses, most biodiversity
remains outside such protection and insufﬁcient attention has
been paid to addressing the question of how far some degree of
effective conservation of biodiversity can be achieved in areas that
are not formally protected. A wide range of actions is being un-
dertaken outside of and complementary to the formal protected
areas system, including conservation easements, covenants,
trusts, partnerships, incentive-based schemes, habitat conserva-
tion planning (HCP) and mitigation banking (Hunter and
Heywood, 2011, chapter 11).
The role and effectiveness of these and other area-based con-
servation measures (OEABCMs) in conserving biodiversity
(including Private Protected Areas, Indigenous Peoples’ ConservedTerritories and Areas Conserved by Indigenous Peoples and Local
Communities (ICCAs), and Sacred Natural Sites (SNS) many of
which house signiﬁcant areas of cultural and biological diversity)
varies considerably from case to case and needs careful assessment.
It should also be noted the Aichi Biodiversity Target 11 contains
a signiﬁcant policy alteration that allows countries to include ‘other
effective area-based conservationmeasures’ (OEABCMs) alongwith
protected areas in meeting national targets, although no clear
guidance was given regarding what these other measures are or
how they may be assessed (Jonas and MacKinnon, 2016;
MacKinnon et al., 2015). To address this, the IUCN World Com-
mission on Protected Areas (WCPA) set up a Task Force in
September 2015 to provide guidance on this issue (Jonas and
MacKinnon, 2016).
5. Impacts of global change on plant conservation
Biodiversity conservation has until recently been predicated on
the basis that we live in a dynamic but slowly changing world. Such
an assumption has to be reconsidered in the light of global change
and in particular the rapid rate of climate change already being
experienced and conﬁdently predicted to continue, if not increase
over the coming decades, according to the latest reports and as-
sessments. Both the projected scale and rate of climate change has
wrong-footed us and is forcing us to rethink and recalibrate our
conservation responses. In fact, we face a dilemma regarding the
time-scale of actions needed. Recent realization of the scale and
likely consequences of global change (demographic, land use and
disturbance regimes, climatic) on the maintenance and sustainable
use of biodiversity and agrobiodiversity has led to a drastic rethink
of our planning horizons: we are facing a foreshortening the
timescale of concern and have to focus on the next 10e50 years
during which critical actions will have to be taken to avoid irre-
versible changes. As former UNEP Director General Klaus T€opfer
reminded us, ‘… a central fact of our time is the collapse of the long-
term view as a buffer against harsh reality’. No longer can we take
solace in the long-termviewnor indeed in viewof the uncertainties
can we often usefully plan beyond, say, 25 years.
Global change affects all aspects of conservation. It is driving
large-scale shifts in the distributions of species and in the
composition of biological communities (Thomas and Gillingham,
2015). The political boundaries of protected areas are ﬁxed but
the biological landscape is not (Lovejoy, 2006; Garden et al., 2015)
and many species will migrate, tracking the changing climate,
while others will be able to adapt to the changing conditions, and
those that can do neither will become extinct. The ability of
species to adapt to climate change is becoming an important
research ﬁeld and it has been suggested that we should focus
more attention on the ability of species to cope with change and
to help them survive through in situ management (Greenwood
et al., 2016).
It is clearly difﬁcult for a ﬁxed system of protected areas to
respond to global change and considerable rethinking in the design
of such areas will be needed if they are to survive and remain
effective. There will need to be more ﬂexibility in size and scale so
that a connected network of patches of habitats at various scales is
created so as to allow species the possibility to migrate and adjust
their ranges in response to climatic and other change. Many pro-
tected areas will suffer moderate to substantial species loss while
other species will migrate into them (including alien invasive
species), leading to changes in the assemblages of species that they
house, and some protected areas may disappear altogether with
catastrophic species loss. The evidence is still equivocal and is likely
to remain so while there is still uncertainty as to the scale and
extent of climatic and other change.
V.H. Heywood / Plant Diversity 39 (2017) 314e3303286. Conclusions and recommendations
The past 30 years have witnessed a transformation in the
progress of plant conservation, in terms of infrastructure, institu-
tional building, methodologies and approaches. As regards con-
servation on the ground, the protected area estate has been
expanded considerably, most countries now have Red Lists of
threatened species, ex situ facilities have grown considerably,
especially in botanic gardens, as has the number of accessions of
wild plant species in gene banks, and some countries have well
developed programmes of species recovery. In common with areas
of conservation, strategies with time-limited targets have been
introduced, notably by the CBD's Global Strategy for Plant Conser-
vation and the Strategic Plan with its 20 Aichi Biodiversity Targets.
Across the world, heroic acts of conservation are being per-
formed, such as the Plant Extinction Prevention (PEP) programme25
to protect Hawai،i's rarest native plants from extinction, mentioned
above, which demonstrates how effective planning and coopera-
tion can make an impact.
Yet despite these achievements, we are still very far from even
approaching a no-extinction scenario. Moreover, the targets we
have set, even if theywere all to bemet, are incompatible with such
an outcome. There are major gaps in our knowledge of nearly all
aspects of plant life and this affects our ability to conserve it
effectively. There is still a large gap between promise and
achievement: too much aspiration, too little implementation
(Knight et al., 2008).
The CBD itself has acknowledged the lack of progress in meeting
the GSPC and Aichi targets but has not yet come up with an
effective operational plan to tackle this. Exhortations to govern-
ments to do better are not sufﬁcient andmore stringent monitoring
of their progress in meeting their commitments is needed; even
sanctions for non-compliance might have to be considered. If the
present trajectory continues and we fail to achieve a substantial
part of the 2020 targets, the very credibility of the CBD risks being
called into question.
The following proposals are aimed at improving our chances of
meeting the conservation goals that have been agreed:
 The CBD Conference of the Parties should consider introducing
more rigorous reporting requirements to encourage all coun-
tries to meet their commitments under the CBD and if they are
unable to do so, they should provide a detailed explanation of
the factors preventing this.
 Many of the conservation targets are too poorly formulated to be
effective but even at this late stage, the CBD's GSPC and Aichi
targets should be critically reviewed and where necessary, the
actions needed to meet them should be clariﬁed and clear
criteria for measuring success should be set out.
 In particular, clearer guidance is needed on ways of integrating
the species-based and the area based targets, notably for pro-
tected areas management and species recovery.
 The international community needs to acknowledge the
continuing lack of sufﬁcient support to biodiversity-rich coun-
tries which is preventing them from taking the necessary ac-
tions to meet their obligations under the CBD and other
biodiversity-related treaties; and in association with the GEF
and other funding agencies, should as a matter of urgency
prepare and support a comprehensive and realistic strategy and
action plan to address these deﬁciencies.
 Greater participation by developing countries scientists in in-
ternational meetings should be encouraged and facilitated and25 http://www.pepphi.org.assistance given to them in preparing papers for publication in
international peer-reviewed journals.
 Policies should be introduced to enable conservation literature
to be made freely available, especially in developing countries.
 Conservation journals should encourage authors to include
guidance on how their papers will help conservation practice on
the ground.
 Plant conservation biologists and conservation practitioners
should collaborate in the preparation of recommended guide-
lines and manuals of good practice for those areas of conser-
vation where none currently exist.
 Every country should as a matter of high priority, prepare a
national strategy and action plan for the conservation of all
globally threatened species that occur within their territory
(unless of course this is already included in their national
biodiversity strategy and action plan).
 Community conservation/citizen science should be strongly
encouraged and at the same time careful monitoring of its
effectiveness should be carried out.
 Conservation outside protected areas is still largely neglected
and should become a priority focus of the CBD work
programme.
Without such actions, and until the fundamental and intrinsic
failings in global governance of biodiversity and national compli-
ance are effectively addressed, so that effective action on the
ground can be undertaken on a sufﬁcient scale, the enormously rich
diversity of plants on which our very civilization depends will
continue to be degraded.
References
Abbott, K.W., Snidal, D., 2000. Hard and soft law in international governance. Int.
Organ. 54, 421e456.
Ausubel, J.H., 2008. Future knowledge of life in oceans past. In: Starkey, D.J.,
Holm, P., Barnard, M. (Eds.), Oceans Past: Management Insights from the His-
tory of Marine Animal Populations. Earthscan, London, pp. xixexxvi.
Balding, M., Williams, K.J.H., 2016. Plant blindness and the implications for plant
conservation. Conserv. Biol. 30, 1192e1199. https://doi.org/10.1111/cobi.12738.
Balmford, A., 2017. On positive shifting baselines and the importance of optimism.
Oryx 51, 191e192. https://doi.org/10.1017/S0030605317000096.
Barnes, M.D., Craigie, I.D., Harrison, L.B., Geldmann, J., Collen, B., Whitmee, S.,
Balmford, A., Burgess, N.D., Brooks, T., Hockings, M., Woodley, S., 2016. Wildlife
population trends in protected areas predicted by national socio-economic
metrics and body size. Nat. Commun. 7 https://doi.org/10.1038/ncomms12747,
2016/09/01/online.
Barnes, M., Szabo, J.K., Morris, W.K., Possingham, H., 2014. Evaluating protected area
effectiveness using bird lists in the Australian wet tropics. Divers. Distrib. 21,
368e378. https://doi.org/10.1111/ddi.12274.
Bennett, E.M., Solan, M., Biggs, R., McPhearson, T., Norstr€om, A.V., Olsson, P.,
Pereira, L., Peterson, G.D., Raudsepp-Hearne, C., Biermann, F., Carpenter, S.R.,
Ellis, E.C., Hichert, T., Galaz, V., Lahsen, M., Milkoreit, M., Lopez, B.M.,
Nicholas, K.A., Preiser, R., Vince, G., Vervoort, J.M., Xu, J., 2016. Bright spots:
seeds of a good Anthropocene. Front. Ecol. 14, 441e444. https://doi.org/10.1002/
fee.1309.
Bille, R., Le Duc, J.-P., Mermet, L., 2010a. Global biodiversity targets: vain wishes or
signiﬁcant opportunities for biodiversity governance? In: Bille, R., Chabason, L.,
Chiarolla, C., Jardin, M., Kleitz, G., Le Duc, J.-P., Mermet, L. (Eds.), Global
Governance of Biodiversity New Perspectives on a Shared Challenge, pp. 45e86.
Health and Environment Reports n 6. Institutfrançais des relations inter-
nationales (IFRI), Paris.
Bille, R., Kleitz, G., Chabason, L., Chiarolla, C., 2010b. Should we be disappointed by
the year of biodiversity? In: Bille, R., Chabason, L., Chiarolla, C., Jardin, M.,
Kleitz, G., Le Duc, J.-P., Mermet, L. (Eds.), Global Governance of Biodiversity New
Perspectives on a Shared Challenge, pp. 87e94. Health and Environment Re-
ports n 6. Institut français des relations internationales (IFRI), Paris.
Borokini, T.I., 2013. The state of ex-situ conservation in Nigeria. Int. J. Plant Sci. 4,
197e212.
Bramwell, D., Hamann, O., Heywood, V., Synge, H. (Eds.), 1987. Botanic Gardens and
the World Conservation Strategy. Academic Press London.
Bridgewater, P., 2011. Smart or cuteewhat makes a good target? Bot. J. Linn. Soc.
166, 240e249.
Bridgewater, P., 2016. The Anthropocene biosphere: do threatened species, Red
Lists, and protected areas have a future role in nature conservation? Biodiver-
sity and Conservation 25, 603e607.
V.H. Heywood / Plant Diversity 39 (2017) 314e330 329Butchart, S.H.M., Clarke, M., Smith, R.J., et al., 2015. Shortfalls and solutions for
meeting national and global conservation area targets. Conserv. Lett. 8,
329e337.
Butchart, S.H.M., Di Marco, M., Watson, J.E.M., 2016. Formulating smart commit-
ments on biodiversity: lessons from the Aichi targets. Conserv. Lett. 9, 457e468.
https://doi.org/10.1111/conl.12278.
Cayuela, L., Granzow-de la Cerda, I., Albuquerque, F.S., Golicher, D.J., 2012. TAX-
ONSTAND: an R Package for Species Names Standardisation in Vegetation
Databases.
Chapman, A.D., 2009. Numbers of Living Species in Australia and the World 2nd
Edition. Report for the Australian Biological Resources Study Canberra,
Australia.
CBD High-Level Panel, 2012. High-level Panel on Global Assessment of Resources
for Implementing the Strategic Plan for Biodiversity 2011e2020. Resourcing the
Aichi Biodiversity Targets: A First Assessment of the Resources Required for
Implementing the Strategic Plan for Biodiversity 2011e2020. http://www.cbd.
int/doc/meetings/ﬁn/hlpgar-sp-01/ofﬁcial/hlpgar-sp-01-01-report-en.pdf.
CBD High-Level Panel, 2014. Resourcing the Aichi Biodiversity Targets: an Assess-
ment of Beneﬁts, Investments and Resource Needs for Implementing the
Strategic Plan for Biodiversity 2011e2020. Second Report of the High-Level
Panel on Global Assessment of Resources for Implementing the Strategic Plan
for Biodiversity 2011e2020. Montreal, Canada.
CBD, 2016. Convention of Biological Diversity. Updated Analysis of the Contribution
of Targets Established by Parties and Progress Towards the Aichi Biodiversity
Targets. UNEP/CBD/COP/13/8/Add.2/Rev.1 21 November 2016.
Clark, N.E., Boakes, E.H., McGowan, P.J.K., Mace, G.M., Fuller, R.A., 2013. Protected
areas in South Asia have not prevented habitat loss: a study using historical
models of land-use change. PLoS ONE 8 (5), e65298. https://doi.org/10.1371/
journal.pone.0065298.
Corlett, R., 2016. Plant diversity in a changing world: status, trends and conserva-
tion needs. Plant Divers. 38, 10e16.
Crofts, R., 2014. The European Natura 2000 protected area approach: a practitioner's
perspective. Parks 60.1, 79e90.
Davies, J., 2016. The Birth of the Anthropocene. University of California Press,
Oakland.
Davis, S.D., Heywood, V.H., Hamilton, A.C. (Eds.), 1994. Centres of Plant Diversity: a
Guide and Strategy for Their Conservation. Vol. Europe, Africa, South West Asia
and the Middle East. WWF/IUCN. IUCN Publications Unit, Cambridge.
Davis, S.D., Heywood, V.H., Hamilton, A.C. (Eds.), 1995. Centres of Plant Diversity. A
Guide and Strategy for Their Conservation. Volume 2 Asia, Australasia and the
Paciﬁc. WWF and IUCN. IUCN Publications Unit, Cambridge xiv þ 578.
Centres of plant diversity. In: Davis, S.D., Heywood, V.H., Herrera-MacBryde, O.,
Villa-Lobos, J., Hamilton, A.C. (Eds.), 1997. A Guide and Strategy for Their Con-
servation. Volume 3 The AmericasWWF and IUCN. IUCN Publications Unit,
Cambridge xiv þ 562.
Deguise, I.E., Kerr, J.T., 2006. Protected areas and prospects for endangered species
conservation in Canada. Conserv. Biol. 20, 48e55.
Di Marco, M., Brooks, T., Cuttelod, A., et al., 2016. Quantifying the relative irre-
placeability of important bird and biodiversity areas. Conserv. Biol. 30,
392e402.
Dinerstein, E., Olson, D., Joshi, S., et al., 2017. An ecoregion-based approach to
protecting half the terrestrial realm. BioScience 67, 534e545. https://doi.org/
10.1093/biosci/bix014.
Donaldson, L., Wilson, R.J., Maclean, I.M.D., 2017. Old concepts, new challenges:
adapting landscape-scale conservation to the twenty-ﬁrst century. Biodivers.
Conserv. 26, 527e552. https://doi.org/10.1007/s10531-016-1257-9.
Dopson, S.R., de Lange, P.J., Ogle, C.C., Rance, B.D., Courtney, S.P., Molloy, J., 1999. The
Conservation Requirements of New Zealand's Nationally Threatened Vascular
Plants. Threatened Species Occasional Publication No. 13. Biodiversity Recovery
Unit, Department of Conservation, Wellington, New Zealand.
EASAC, 2005. A User’s Guide to Biodiversity Indicators. European Academies Science
Advisory Council. The Royal Society, London.
Eklund, J., Arponen, S., Visconti, P., Cabeza, M., 2011. Governance factors in the
identiﬁcation of global conservation priorities for mammals. Phil. Trans. R. Soc.
B 366, 2661e2669. https://doi.org/10.1098/rstb.2011.0114.
Faith, D.P., Margules, C.R., Walker, P.A., Stein, J., Natera, G., 2001. Practical application
of biodiversity surrogates and percentage targets for conservation in Papua
New Guinea. Pac. Conserv. Biol. 6, 289e303.
Foster, J., 2008. The Sustainability Mirage. Earthscan Ltd., London.
Garden, J.G., O'Donnell, T., Catterall, C.P., 2015. Changing habitat areas and static
reserve challenges to species protection under climate change. Landsc. Ecol. 30,
1959e1973.
Given, D., 1994. Principles and Practice of Plant Conservation. Timber Press,
Portland.
Geldmann, J., Barnes, M., Coad, L., Craigie, I., Hockings, M., Burgess, N., 2013.
Effectiveness of terrestrial protected areas in reducing biodiversity and habitat
loss. Biol. Conserv. 161, 230e238.
Globescan, 2013. Environmental Concerns “At Record Lows”: Global Poll. Globe-
scan_press_release_enviroconcern_03-25-2013%20(4).pdf.
Glowka, L., Burhenne-Guilmin, F., Synge, H., 1994. A Guide to the Convention on
Biological Diversity. Global Biodiversity Strategy Environmental Law and Policy
paper No 30. IUCN Environmental Law Centre, IUCN Biodiversity Programme.
GEF, 2015. Behind the Numbers 2015. A closer look at GEF achievements. https://
www.thegef.org/sites/default/ﬁles/publications/GEF_numbers2015_CRA_bl2_
web_1.pdf.Govaerts, R., 2001. How many species of seed plants are there? Taxon 50,
1085e1090.
Gray, C.L., Hill, S.L.L., Newbold, T., et al., 2016. Local biodiversity is higher inside than
outside terrestrial protected areas worldwide. Nat. Commun. 7, 12306. https://
doi.org/10.1038/ncomms12306.
Greenwood, C., Mossman, H.L., Suggitt, A.J., Curtis, R.J., Maclean, I.M.D., 2016. Using
in situmanagement to conserve biodiversity under climate change. J. Appl. Ecol.
53, 885e894. https://doi.org/10.1111/1365-2664.12602.
Hagerman, S.M., Pelai, R., 2016. “As Far as Possible and as Appropriate”: imple-
menting the Aichi biodiversity targets. Conserv. Lett. 9, 469e478. https://
doi.org/10.1111/conl.12290.
Hamann, O., 1985. The IUCN/WWF plants conservation programme 1984e85.
Vegetatio 60, 147e149.
Harrop, S.R., Pritchard, D.J., 2011. A hard instrument goes soft: the implications of
the Convention on Biological Diversity's current trajectory. Glob. Environ.
Change 21, 474e480.
Havens, K., Kramer, A.T., Guerrant Jr., E.O., 2014. Getting plant conservation right (or
not): the case of the United States. Int. J. Plant Sci. 175, 3e10. https://doi.org/
10.1086/674103.
Huang, H., 2011. Plant diversity and conservation in China: planning a strategic
bioresource for a sustainable future. Bot. J. Linn. Soc. 166, 282e300.
Heywood, V.H., 1994. Needs for stability of nomenclature in conservation. In:
Hawksworth, D.L. (Ed.), Improving the Stability of Names: Needs and Options.
[Regnum Vegetabile No. 123]. Koeltz Scientiﬁc, K€onigstein.
Heywood, V.H., 2005. Master lesson: Conserving species in situe a review of the
issues. In: Planta Europa IV Proceedings. http://www.nerium.net/plantaeuropa/
proceedings.htm.
Heywood, V., 2006a. The role of targets in conservation. In: Maltby, E., Linstead, C.,
Heywood, V. (Eds.), Do Conservation Targets Help? Second Sibthorp Seminar.
Sibthorp Trust, Liverpool, UK, pp. 7e26.
Heywood, V., 2009. Botanic gardens and genetic conservation. Sibbaldia guest
essay. Sibbaldia J. Bot. Gard. Hortic. 7, 5e17.
Heywood, V.H., 2010. Developing new biodiversity conservation strategies in
response to global change. Boll. Mus. Ist. Biol. Univ. Genova 72, 95e122.
Heywood, V., 2006b. Monitoring of areas and species/populations to assess effec-
tiveness of conservation/management actions. In: Hunter, D., Heywood, V.
(Eds.), Crop Wild Relatives. A Manual of in situ Conservation. Earthscan, London,
pp. 295e313.
Heywood, V.H., 2013. ¿Cual es el futuro de la biodiversidad? Ambienta 101, 20e40.
Heywood, V.H., 2015. In situ conservation of plant species e an unattainable goal?
Israel J. Plant Sci. 63, 211e231. https://doi.org/10.1080/07929978.2015.1035605.
Heywood, V.H., 2017. The nature and composition of urban plant diversity in the
Mediterranean. Flora Mediterr. 27, 195e220. https://doi.org/10.7320/
FlMedit27.195.
Heywood, V.H., Davis, S.D., 1994. Introduction. In: Davis, S.D., Heywood, V.H.,
Hamilton, A.C. (Eds.), Centres of Plant Diversity: a Guide and Strategy for Their
Conservation. Vol. Europe, Africa, South West Asia and the Middle East. WWF/
IUCN. IUCN Publications Unit, Cambridge, pp. 1e38.
Heywood, V.H., Dulloo, M.E., 2006. In situ Conservation of Wild Plant Species e a
Critical Global Review of Good Practices. IPGRI Technical Bulletin No. 11. FAO &
IPGRI. IPGRI, Rome.
Holmes, G., Sandbrook, C., Fisher, J.A., 2017. Understanding conservationists' per-
spectives on the new-conservation debate. Conserv. Biol. 31, 353e363. https://
doi.org/10.1111/cobi.12811.
Hoyt, E., 1988. Conserving the Wild Relatives of Crops. IBPGR, IUCN, WWF, Rome
and Gland.
Hunter, D., Heywood, V. (Eds.), 2011. Crop Wild Relatives. A Manual of In Situ
Conservation. Earthscan, London.
Iaquinta, D.L., Drescher, E.W., 2010. Urban agriculture: a comparative review of
allotment and community gardens. p. 199e226. In: Aitkenhead-Peterson, J.,
Volder, A. (Eds.), Urban Ecosystem Ecology, Agronomy Monographs 55. Amer-
ican Society of Agronomy, Inc., Crop Science Society of America, Inc., Soil Sci-
ence Society of America, Inc., Madison, WI.
IPBES, 2016. The assessment report of the Intergovernmental Science-Policy Plat-
form on Biodiversity and Ecosystem Services on pollinators, pollination and
food production. In: Potts, S.G., Imperatriz-Fonseca, V.L., Ngo, H.T. (Eds.),
Secretariat of the Intergovernmental Science-policy Platform on Biodiversity
and Ecosystem Services, Bonn.
Jonas, H., MacKinnon, K. (Eds.), 2016. Advancing Guidance on Other Effective Area-
based Conservation Measures: Report of the Second Meeting of the IUCNWCPA
Task Force on Other Effective Area-based Conservation Measures. Bundesamt
für Naturschutz, Bonn.
Juffe-Bignoli, D., Brooks, T.M., Butchart, S.H.M., Jenkins, R.B., Boe, K., Hoffmann, M.,
et al., 2016. Assessing the cost of global biodiversity and conservation knowl-
edge. PLoS ONE 11, e0160640. https://doi.org/10.1371/journal.pone.0160640.
Kareiva, P., Marver, M., Lalasz, R., 2012. Conservation in the Anthropocene. Beyond
solitude and fragility. Breakthr. J. (2) Winter 2012 https://thebreakthrough.org/
index.php/journal/past-issues/issue-2/conservation-in-the-anthropocene.
Kew, 2016. Royal Botanic Gardens, Kew. State of the World's Plants 2016. https://
stateoftheworldsplants.com/report/sotwp_2016.pdf.
Knight, A.T., Cowling, R.M., Rouget, M., Balmford, A., Lombard, A.T., Campbell, B.M.,
2008. Knowing but not doing: selecting priority conservation areas and the
research-implementation gap. Conserv. Biol. 22, 610e617.
Krupnick, G.A., 2013. Conservation of tropical plant biodiversity: what have we
done? Where are we going? Biotroica 45, 693e708.
V.H. Heywood / Plant Diversity 39 (2017) 314e330330Laikre, L., Jonsson, B.-G., Ihse, M., Marissink, M., Gustavsson, A.-M.D., Ebenhard, T.,
Hagberg, L., Stål, P.-O., von Walter, S., Wramner, P., 2008. Wanted: scientists in
the CBD process. Conserv. Biol. 22, 814e815.
Leadley, P.W., Krug, C.B., Alkemade, R., Pereira, H.M., Sumaila, U.R., Walpole, M.,
Marques, A., Newbold, T., The, L.S.L., van Kolck, J., et al., 2014. Progress Towards
the Aichi Biodiversity Targets: an Assessment of Biodiversity Trends, Policy
Scenarios and Key Actions. Technical Series 78. Montreal, Canada: Secretariat of
the Convention on Biological Diversity.
Lean, C., Maclaurin, J., 2016. The value of phylogenetic diversity. In: Pellens, R.,
Grandcolas, P. (Eds.), Biodiversity Conservation and Phylogenetic Systematics,
Topics in Biodiversity and Conservation, vol. 14. Springer.
Leisher, C., Touval, J., Hess, S.M., Boucher, T.M., Reymondin, L., 2013. Land and forest
degradation inside protected areas in Latin America. Diversity (Basel) 5, 779e795.
Liu, J., Linderman, M., Ouyang, Z., Yang, J., An, L., Yang, A.J., Zhang, H., 2001.
Ecological degradation in protected areas: the case of Wolong nature reserve for
giant pandas. Science 292, 98e101.
Livingston, G., Waring, B., Pacheco,.F., Buchori, D., Jiang, Y., Gilbert, L., Jha, S., 2016.
Perspectives on the global disparity in ecological science. BioScience 66,
147e155. https://doi.org/10.1093/biosci/biv175.
Lovejoy, T.E., 2006. Protected areas: a prism for a changing world. TREE 21, 329e333.
McCarthy, D.P., Donald, P.F., Scharlemann, J.P.W., et al., 2012. Financial costs of
meeting global biodiversity conservation targets: current spending and unmet
needs. Science. https://doi.org/10.1126/science.1229803.
McClanahan, T.R., Rankin, P.S., 2016. Geography of conservation spending, biodiver-
sity, and culture. Conserv. Biol. 30, 1089e1101. https://doi.org/10.1111/cobi.12720.
MacKinnon, D., Lemieux, C.J., Beazley, K., Woodley, S., Helie, R., Perron, J., Elliott, J.,
Haas, C., Lahglois, J., Lazaruk, H., Beechey, T., Gray, P., 2015. Canada and Aichi
biodiversity target 11: understanding ‘other effective area-based conservation
measures’ in the context of the broader target. Biodivers. Conserv. 24, 3559.
https://doi.org/10.1007/s10531-015-1018-1.
McNeely, J.A., Mainka, S.A., 2009. Conservation for a New Era. IUCN, Gland.
Martins, E., Loyola, R., Messina, T., Avancini, R., Martinelli, G., 2015. Tree Red Listing
in Brazil: Lessons and perspectives. BGjournal 12, 8e11.
Mascia, M.B., Pailler, S., 2011. Protected area downgrading, downsizing, and dega-
zettement (PADDD) and its conservation implications. Conserv. Lett. 4, 9e20.
Mascia, M.B., Pailler, S., Krithivasan, R., Roshchanka, V., Burns, D., Mlotha, D.,
Murray, D., Peng, N., 2014. Protected area downgrading, downsizing, and
degazettement (PADDD) in Africa, Asia, and Latin America and the Caribbean,
1900e2010. Biol. Conserv. 169, 355e361.
Maxwell, S.L., Milner-Gulland, E.J., Jones, J.P.G., et al., 2015. Being smart about
SMART environmental targets. Science 347, 1075e1076.
Maxted, N., Ford-Lloyd, B.V., Hawkes, J.G., 1997. Complementary conservation
strategies. In: Maxted, N., Ford-Lloyd, B.V., Hawkes, J.G. (Eds.), Plant Genetic
Conservation, the In Situ Approach. Chapman & Hall, London, pp. 15e40.
Maxted, N., Iriondo, J.M., Dulloo, M.E., Lane, A., 2008. Introduction: the integration
of PGR conservation with protected area management. In: Iriondo, J.M.,
Maxted, N., Dulloo, E. (Eds.), Conserving Plant Genetic Diversity in Protected
Areas. CAB International, Wallingford, pp. 1e22.
Mazel, F., Mooers, A., Riva, G.V.D., Pennell, M.W., 2017. Conserving phylogenetic
diversity can be a poor strategy for conserving functional diversity. Syst. Biol.
https://doi.org/10.1101/137521.
Milligan,H.,Deinet, S.,McRae, L., Freeman,R., 2014. ProtectingSpecies: StatusandTrends
of the Earth's Protected Areas. Preliminary Report. Zoological Society of London.
Milner-Gulland, E., Fisher, M., Browne, S., Redford, K., Spencer, M., Sutherland, W.,
2010. Do we need to develop a more relevant conservation literature? Oryx 44
(1), 1e2. https://doi.org/10.1017/S0030605309991001.
Minter, B.A., Miller, T.R., 2011. The new conservation debate: ethical foundations,
strategic trade-offs, and policy opportunities. Biol. Conserv. 144, 945e947.
https://doi.org/10.1016/j.biocon.2010.07.027.
Mora, C., Sale, P.F., 2011. Ongoing global biodiversity loss and the need to move
beyond protected areas: a review of the technical and practical shortcomings of
protected areas on land and sea. Mar. Ecol. Prog. Ser. 434, 251e266. http://
www.int-res.com/articles/theme/m434p251.pdf.
Orr, D., 2005. Armageddon versus extinction. Conserv. Biol. 19, 290e292.
Pack, S.M., Ferreira, M.N., Krithivasan, R., Murrow, J., Bernard, E., Mascia, M.B., 2016.
Protected area downgrading, downsizing, and degazettement (PADDD) in the
Amazon. Biol. Conserv. 19, 32e39.
Paton, A.J., Brummitt, N., Govaerts, R., Harman, K., Hinchcliffe, S., Allkin, B.,
Lughadha, E.N., 2008. Towards target 1 of the global strategy for plant con-
servation: a working list of all known plant species e progress and prospects.
Taxon 57 (2), 602e611.
Paton, A., Lughadha, E.N., 2011. The irresistible target meets the unachievable
objective: what have 8 years of GSPC implementation taught us about target
setting and achievable objectives? Bot. J. Linn. Soc. 166, 250e260.
Perrings, C., Naeem, S., Ahrestani, F.S., et al., 2010. Ecosystem services for 2020.
Science 330, 323e324.
Pimm, S.L., Joppa, L.N., 2015. Howmany plant species are there, where are they, and
at what rate are they going extinct? Ann. Missouri Bot. Garden 100, 170e176.
Pollock, L.J., Thuiller, W., Walter Jetz, W., 2017. Large conservation gains possible for
global biodiversity facets. Nature 546, 141e144. https://doi.org/10.1038/
nature22368.
Possiel, W., Saunier, R.E., Meganck, R.A., 1995. Chapter 2 in-situ conservation of
biodiversity. In: Saunier, R.E., Meganck, R.A. (Eds.), Conservation of Biodiversity
and the New Regional Planning. Organization of American States and the IUCN
The World Conservation Union. Department of Regional Development andEnvironment Executive Secretariat for Economic and Social Affairs General
Secretariat, Organizattion of American States.
Pressey, R.L., Cowling, R.M., Rouget, M., 2003. Formulating conservation targets for
biodiversity pattern and process in the Cape Floristic Region, South Africa. Biol.
Conserv. 112, 99e127.
Qian, S., Tang, C.Q., Yi, S., et al., 2017. Conservation and development in conﬂict:
regeneration of wild Davidia involucrata (Nyssaceae) communities weakened by
bamboo management in south-central China. Oryx. https://doi.org/10.1017/
S003060531700045X.
Redford, K.H., Adams, W., Mace, G.M., 2013. Synthetic Biology and Conservation of
Nature: Wicked Problems and Wicked Solutions. PLoS Biol. 11, e1001530
https://doi.org/10.1371/journal.pbio.1001530, 1e4.
Robichaux, R.H., Moriyasu, P.Y., Enoka, J.H., McDaniel, S., et al., 2017. Silversword and
lobeliad reintroduction linked to landscape restoration on Mauna Loa and
Kılauea, and its implications for plant adaptive radiation in Hawaii. Biol. Con-
serv. 213, 59e69. https://doi.org/10.1016/j.biocon.2017.07.001.
Rodrigues, A.S.L., Andelman, S.J., Bakan, M.I., Boitani, L., Brooks, T.M., Cowling, R.M.,
et al., 2004. Effectiveness of the global protected area network in representing
species diversity. Nature 428, 640e643. https://doi.org/10.1038/nature02422.
Rojas, M., 1992. The species problem and conservation: what are we protecting?
Conserv. Biol. 6, 170e178.
Scotland, R.W., Wortley, A.H., 2003. How many species of seed plants are there?
Taxon 52, 101e104.
Sharrock, S., 2012. Global Strategy for Plant Conservation: a Guide to the GSPC, All
the Targets, Objectives and Facts. Botanic Gardens Conservation International,
Richmond, UK.
Sharrock, S., Oldﬁeld, S., Wilson, O., 2014. Plant Conservation Report 2014: a Review
of Progress in Implementation of the Global Strategy for Plant Conservation
2011e2020. Montreal, Canada: Secretariat of the Convention on Biological Di-
versity and Richmond, UK: Botanic Gardens Conservation International. Tech-
nical Series No. 81.
Soule, M., 2013. The “New Conservation”. Conserv. Biol. 27, 895e897.
Steffen, W., Leinfelder, R., Zalasiewicz, J., Waters, C.N., Williams, M.,
Summerhayes, C., Barnosky, A.D., Cearreta, A., Crutzen, P., Edgeworth, M.,
Ellis, E.C., Fairchild, I.J., Galuszka, A., Grinevald, J., Haywood, A., Ivar do Sul, J.,
Jeandel, C., McNeill, J.R., Odada, E., Oreskes, N., Revkin, A., Richter, D. deB.,
Syvitski, J., Vidas, D., Wagreich, M., Wing, S.L., Wolfe, A.P., Schellnhuber, H.J.,
2016. Stratigraphic and earth system approaches to deﬁning the Anthropocene.
Earth's Future 4, 324e345. https://doi.org/10.1002/2016EF000379.
Stevens, P.F., 1990. Nomenclatural stability, taxonomic instinct, and ﬂora writing e a
recipe for disaster. In: Baas, P., Kakman, K., Geesink, R. (Eds.), The Plant Diversity
of Malesia. Kluwer Academic, Dordrecht, pp. 387e410.
Synge, H., 1984. The IUNC/WWF Plants Conservation Programme 1984e85. Gland,
Switzerland.
Thomas, C.D., Gillingham, P.K., 2015. The performance of protected areas for
biodiversity under climate change. Biol. J. Linn. Soc. 115, 18e730.
Thompson, J., 2008. Global Assessments and the Politics of Knowledge: Lessons
from the International Assessment of Agricultural Science and Technology.
Future Agricultures. A Learning Consortium. http://www.future-agricultures.
org/EN/Hot%20Topics/news_hottopic_archive_assessment.html. (Accessed 2
November 2012).
Tittensor, D.P., Walpole, M., Hill, S.L.L., Boyce, D.G., Britten, G.L., Burgess, N.D.,
Butchart, S.H.M., Leadley, P.W., Regan, E.C., Alkemade, R., Baumung, R.,
Bellard, C., et al., 2014. A mid-term analysis of progress toward international
biodiversity targets. Science 346, 241e244. https://doi.org/10.1126/sci-
ence.1257484. Published online 2 Oct 2014.
Volis, S., 2016a. Species-targeted plant conservation: time for conceptual integra-
tion. Israel J. Plant Sci. 63 https://doi.org/10.1080/07929978.2015.1085203.
Volis, S., 2016b. Conservation meets restoration e rescuing threatened plant species
by restoring their environments and restoring environments using threatened
plant species. Israel J. Plant Sci. 63, 232e249. https://doi.org/10.1080/
07929978.2016.1255021.
Waldron, A., Mooers, A.O., Miller, D.C., Nibbelink, N., Redding, D., Kuhn, T.S.,
Roberts, J.T., Gittleman, J.L., 2013. Targeting global conservation funding to limit
immediate biodiversity declines. Proc. Natl. Acad. Sci. U.S.A. 110, 12144e12148.
https://doi.org/10.1073/pnas.1221370110.
Wandersee, J.H., Clary, M., 2006. On Seeing Flowers: Are You Missing Anything?
http://www.humanﬂowerproject.com/index.php/weblog/on_seeing_ﬂowers_
are_you_missing_anything/. (Accessed 12 June 2017).
Wicander, S., 2015. State Governance of Protected Areas in Africa. Case Studies,
Lessons Learned and Conditions of Success. UNEP-WCMC, Cambridge, UK.
Wiersma, Y.F., Sleep, D.J.H., Edwards, K.A., 2017. Scientiﬁc evidence for ﬁfty percent?
BioScience 67, 781e782. https://doi.org/10.1093/biosci/bix067.
Wilcove, D.S., 2010. Endangered species management: the US experience. In:
Sodhi, N.S., Ehrlich, P.R. (Eds.), Conservation Biology for All. Oxford University
Press, New York, pp. 220e235.
Wilson, E.O., 2016. Half-Earth: Our Planet's Fight for Life. Liveright Publishing
Corporation, New York & London.
Wilson, K.A., Auerbach, N.A., Sam, K., Magini, A.G., Moss, A.S.L., Langhans, S.D., et al.,
2016. Conservation research is not happening where it is most needed. PLoSBiol
14, e1002413. https://doi.org/10.1371/journal.pbio.1002413.
WHO, IUCN, WWF, 1993. In: Akerele, O., Heywood, V.H., Synge, H. (Eds.), Guidelines
on the Conservation of Medicinal Plants. WHO, IUCN, WWF, Geneva and Gland.
WWF, 2016. Living Planet Report 2016. Risk and Resilience in a New Era. WWF
International, Gland.
